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Chapter  I 
INTRODUCTION 
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Overview 

The  systems  that  are  used  by  the  Air  Force  are  expensive, 
higU.y  complex  pieces  of  equipment  that  are  continually  being 
replaced  with  new  systems  in  order  to  keep  pace  with  both  the 
changing  enemy  threat  and  the  evolving  state  of  American  technology, 
These  systems  arc  procured  through  the  weapon  system  acquisition 
process.  This  process  is  a sequence  of  specified  activities  that 
extend  from  the  system  conceptual  phase  through  the  full  scale 
production  and.  deployment  of  the  weapon  system  (5»iii), 

To  ensure  the  initial  operational  capability  of  these 
newly  acquired  systems,  support  materia*  in  the  form  of  spare  and 
replacement  parts  must  be  available  immediately  upon  system 
activation  and  through  the  initial  phases  of  operation.  These 
initial  support  requirements  are  provided  by  the  initial  provision- 
ing process  (5tiii), 

The  initial  spares  support  list  (ISSL)  is  a part  of  the 
initial  provisioning  procsss.  Its  purpose  is  to  provide  the 
initial  range  and  depth  of  items  required  to  support  weapon 
system  activations.  The  items  that  are  included  on  the  ISSL  are 
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determined  at  a provisioning  conference  by  the  technical  equip- 
ment specialist,  the  system  manager,  the  item  manager,  and 
representatives  from  the  using  command  (6, 8, 11, 13s 12-30).  The 
ISSL  establishes  a special  inventory  level  at  the  base  that  is  re- 
ceiving the  new  system.  Special  levels 

. . . when  used  wisely  . . . are  valuable  tools  in 
effectively  supporting  operational  activities?  when  the 
intent  of  special  levels  policy/procedures  is  abused,  the 
overall  ability  of  logistics  managers  to  provide  effective 
support  is  degraded  £l6ili-?]. 

Historically,  the  inventory  levels  established  by  the 
ISSL  have  been  either  too  large  or  too  small.  In  1971  the  ISSL 
stock  levels  were  relatively  large  and  the  base  level  units  complain- 
ed that  too  much  stock  sat  at  base  level  without  being  used  (7:1,8). 

A General  Accounting  Office  study  showed  that  in  1971  the  Air  Force 
spent  several  million  dollars  on  spare/replacement  parts  which  were 
never  used  (21:1),  The  next  year,  1972,  Headquarters  Air  Force 
Logistics  Command  (AFLC)  implemented  Department  of  Defense 
Directives  that  significantly  reduced  the  ISSL  stock  levels.  After 
the  implementation  of  the  new  directives,  the  base  level  units 
complained  that  not  enough  stock  was  being  provided  by  the  ISSL  to 
support  weapon  system  activations  (?il,8). 

The  problem  of  inaccurate  ISSL  quantities  still  exists.  As 
recently  as  March  1979*  the  overall  Air  Force  parts  use  rate  for 
ISSL  items  was  17 % and,  in  particular,  the  parts  use  rate  from  ISSL 
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stocks  for  the  F-15  through  March  1979  was  10$  (2).  On  the  other 
hand,  AFLC  continually  receives  requests  to  increase  ISSL  authori- 
zations for  other  items  (6).  These  facts  indicate  that  there  are 
still  a significant  number  of  cases  in  which  the  incorrect  items 
in  the  incorrect  quantities  are  being  placed  on  the  ISSL. 

Because  of  this  problem,  AFLC  requested  that  a study  be 
initiated  to  develop  a model  of  the  ISSL  development  process  (9*1) * 
Two  factors  prompted  this  request:  first,  the  procurement  of  too 
many  or  too  few  items  during  the  provisioning  process  and,  second, 
the  apparent  lack  of  understanding  of  the  ISSL  development  process 
on  the  part  of  the  Air  Force  logisticians  who  operate  the  Air  Force 
supply  system  (2,6,8,11).  Thus,  the  objective  of  this  research 
effort  was  to  develop  a dynamic  model  of  the  ISSL  development 
process.  Specifically,  a system  dynamics  approach  was  employed  to 
develop  a model  of  the  system.  This  method  was  chosen  because  it 
provides  a systematic  approach  to  model  construction  through  its 
treatment  of  ",  , , the  central  framework  underlying  . . . activity 
Qjjvii].'*  It  provides  a logical  cause  and  effect  means  of  analyzing 
the  underlying  management  decisions  that  make  up  the  ISSL  development 
process , 

While  this  research  effort  was  directed  towards  the  ISSL 
development  process  in  general  it  specifically  addressed  Air  Force 
managed  economic  order  quantity  (BOQ)  items.  In  addition, the  reader 
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must  keep  in  mind  that  the  initial  spares  support  list  (ISSL) 
becomes  a follow-on  spares  support  list  (FOSSL)  "...  once  the  j 

weapon/end  article  has  transitioned  from  the  "initial”  to  "follow- 
on"  support.  . . [15 il2-33]."  The  transition  from  ISSL  to  FOSSL 
is  determined  by  ”.  . . the  system  manager  (SM)/end  article  item 
manager  (IM)  ISSL/FOSSL  monitor.  . . [15:12-33]."  Thus,  this 
study  applies  not  only  to  the  ISSL,  but  to  the  FOSSL  as  well. 

Background 

Through  the  weapon  system  acquisition  process,  the 
Department  of  Defense  procures  the  weapon  systems  required  to  counter 
the  threat  posed  by  the  forces  of  a potential  enemy.  The  acquisi- 
tion process  is  a sequence  of  specified  activities  designed  to 
achieve  program  objectives.  It  extends  from  the  system  conceptual 
phase  through  the  full  scale  production  and  deployment  of  the 
weapon  system  (5:iii).  To  ensure  the  initial  operational  capability 
of  the  newly  acquired  weapon  system,  support  materials  in  the  form 
of  spare  and  replacement  parts  must  be  available  on  or  before  the 
system  activation  date.  These  initial  support  material  require- 
ments are  satisfied  through  the  provisioning  process  (5iiii). 

During  the  initial  provisioning  process,  decisions  are 
made  which  can  affect  the  future  capability  of  DOD  agencies  to 
support  their  operational  weapon  systems.  In  addition,  the  initial 
provisioning  decisions  cause  the  expenditure  of  millions  of  dollars 


fur  spare  and  replacement  parts  (21:1).  These  provisioning 
decisions  must  he  made  in  light  of  the  initial  provisioning 
objective  of  assuring 

. . . the  timely  availability  of  minimum  initial  stocks 
of  support  items  at  using  organizations  and  at  maintenance 
and  supply  activities  to  sustain  the  programmed  operation 
of  eiid  items  until  normal  replenishment  can  be  effected, 
and  to  provide  chis  support  *tt  the  least  investment  cost 
[18:2]. 

The  principle  objective  of  initial  provisioning,  of  which 
the  ISSL  is  a part,  is  to  assure  the  timely  availability  of  initial 
stocks,  at  a minimum  required  level,  at  the  using  organization  and 
maintenance  activities  to  maintain  the  programmed  operations  of 
a weapon  system  until  normal  supply  channels  can  be  established. 
Moreover,  this  system  support  must  be  provided  at  the  least  possible 
cost  (6,8,14:2-3). 

The  initial  provisioning  process  is  employed  to  procure 
needed  support  items  that  are  not  currently  in  the  DO:  Inventory. 
These  support  items  have  been  developed  specifically  for  the  weapon 
system  and  in  many  instances  the  support  items  themselves  are  made 
up  of  several  saparate  subunits  which  must  also  be  supported 
(13*1-1).  The  number  and  type  of  spare  and  support  items  required 
to  initially  support  a weapon  system  are  predicated  upon  the 
system's  anticipated  geographic  deployment,  mission  profile,  and 
the  maintenance  concept  to  be  employed  (13:1-8). 


Two  important  factors  used  in  determining  the  appropriate 
maintenance  concept  for  a given  spare  or  support  item  are  the 
reliability  and  maintainability  of  the  item.  Por  the  new  items 
coming  into  the  inventory  the  reliability  and  maintainability 
data  are  based  on  engineering  estimates  until  actual  failure  rate 
data  can  be  obtained  from  the  operational  use  of  the  item  (6,8, 11 , 

15*12-3). 

During  the  initial  provisioning  conference  the  reliability 
and  maintainability  data  are  considered  along  with  any  actual 
failure  rate  data  in  developing  the  ISSL.  The  ISSL  is  thus  composed 
of  those  items  that  have  been  determined  by  the  item  manager/system 
manager, and  representatives  from  the  using  command  to  be  essential 
to  weapon  system  operation  for  an  initial  period  of  time,  and  as 
such  the  ISSL  is  the  central  element  of  the  initial  provisioning 
process  (15*12-5).  Despite  the  coordinated  efforts  of  the  item 
manager,  system  manager,  and  the  using  command  there  have  been 
numerous  occasions  where  too  few  or  too  many  items  were  included 
as  part  of  the  ISSL  (2,6,8,11). 

The  procurement  of  too  many  or  too  few  items  can  have  a 
detrimental  effect  on  the  operational  capability  of  the  weapon 
system  the  ISSL  is  designed  to  support,  The  procurement  of  too 
few  items  results  in  an  increase  in  the  Not  Mission  Capable  - 
Supply  (NMCS)  rate  due  to  a lack  of  spare/replacement  parts. 
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Conversely,  the  procurement  of  too  many  items  results  in  the 
unnecessary  expenditure  of  funds  when  the  monies  could  have  "been 
better  spent  elsewhere  (2,6,8,11).  Because  of  these  problems, 

AFLC  requested  that  this  research  project  be  accomplished..  The 
study  used  the  system  dynamics  approach  to  analyze  the  ISSL 
development  process. 

Justification 

"Aircraft,  missiles,  engines,  equipment,  and  other  end 
articles  coming  into  the  inventory,  . . . must  be  supported  as 
soon  as  the  end  article (s)  is  received  by  the  location/base  from 
which  it  will  operate  £15*12-3]."  These  items  constitute  the  end 
items  procured  by  the  DOD  through  its  acquisition  process.  A" 
integral  part  of  the  acquisition  process  is  the  initial  provision- 
ing process  whereby  spare  and  replacement  parts  are  procured  to 
support  the  end  item  until  normal  supply  channels  can  be  established 
(15*12-29). 

The  provisioning  process  is  a series  of  critically  timed 
actions  designed  to  ensure  that  the  new  end  items  will  have 
adequate  support.  The  process  extends  ".  . . over  a wide  range 
of  functions,  including  design,  maintenance  planning,  supply,  re- 
quirements determination,  item  inventory  control,  procurement, 
cataloging,  and  contract  administration  £20*Er.cl  1-2]."  This 
initial  provisioning  process  ends  with  "...  the  delivery  of  a 
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minimum  range  and  quantity  of  support  items,  . . for  support  during 
an  initial  period  of  service  [20:Encl  i-2]."  These  activities 
of  initial  provisioning  bring  the  process  into  line  with  the  stated 
DOD  objective  of  providing  the  right  part  in  the  right  place  at  the 
right  time  and  in  the  right  quantities.  The  DOD  stated  objectives 
of  initial  provisioning  must  be  carried  out  under  the  concept  of 
minimum  supply  response  (I8s2).  The  Air  Force  logistician  is 
charged  with  the  responsibility  of  achieving  "...  maximum  initial 
support  within  available  resources.  , . under  a concept  that  re- 
quires minimum  supply  response  time  [19:2]. " 

Minimum  supply  response  is  achieved  through  the  attainment 
of  a balance  between  "...  pipeline  inventory  and  costs  related 
to  holding  inventory  [19*2]."  The  implementation  of  this  concept 
of  minimum  supply  response  is  predicated  upon  the  inventory  policies 
providing  for  a coordinated  approach  to  the  elements  of 

. . . program  development}  the  depth  of  stocks  provided 
in  the  initial  requirements  computation)  the  range  of  items 
selected  for  initial  stockage)  and  the  requirements  computa- 
tion policy,  . .[19*2], 

Therefore,  the  minimum  supply  response  concept  can  be  likened  to 
the  initial  provisioning  process  in  that  both  have  the  objective 
of  ensuring  that  the  base  has  "...  available  a given  range  and 
depth  of  stock  to  ensure  acceptable  support  from  the  first  day  the 
end  article(s)  is  assigned  [15*12-3]*"  The  range  and  depth  of  items 
to  be  provided  are  "...  agreed  to  during  the  provisioning  process 


[15 i 12-3 j."  The  concept  of  acceptable  support  is  geared  towards 
providing  an  adequate  range  and  depth  of  spare  and  replacement 
parts  to  meet  the  programmed  operations  of  the  end  item  at  the 
base  level. 

There  are  three  important  questions  which  must  bs  answered 
during  the  provisioning  process  to  determine  the  range  and  depth 
of  items  to  be  provided  as  part  of  the  initial  provisioning  or 
ISSL  package.  These  questions  are:  (l)  how  critical  is  the 
item  considered  for  inclusion  on  the  ISSL  to  weapon  system 
operation;  (2)  what  wi? 1 the  demand  rate  be  for  the  item;  and, 

(3)  how  much  money  is  available  for  the  purchase  of  these  spare/ 
replacement  items  (l *1) ? The  answers  to  these  questions  are 
difficult  to  ascertain  particularly  when  an  ISSL  pertains  to  a 
new  weapon  system  and  the  component ' reliability  data  are  based 
on  engineering  estimates  rather  than  actual  operating  performance  (6), 
However,  through  application  of  the  system  dynamics  approach  and 
the  resultant  informat ion-feedback  model,  potential  decisions 
regarding  levels  of  spare/replacement  parts  can  be  analyzed  to 
ascertain  the  level  of  system  support  that  will  be  provided  by 
that  level  of  support.  By  testing  the  different  stock  levels  the 
Air  Force  logistician  will  be  in  a better  position  to  meet  the 
initial  provisioning  objective  by  providing  to  base  level  units 
an  adequate  and  accurate  ISSL. 
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During  the  initial  provisioning  process  an  inventory 
management  specialist  assigned  to  Headquarters,  Air  Force  Logistics 
Command  (AFLC)  uses  the  engineering  reliability  data  in  conjunction 
with  ",  . base  order  and  ship  time,  base  repair  cycle  and  initial 
operating  level,  . . [9*l]»"  to  determine  the  quantities  required 
for  each  item  chosen  to  become  part  of  the  ISSL  (9*1-2).  The 
mathematical  models  used  by  the  inventory  management  specialist 
were  developed  by  the  Department  of  Defense  and  are  contained  in 
DOD  Instruction  (DODl)  4140.42,  DODI  4140,42  gives  the  control  of 
the  variables  used  in  the  model  to  the  headquarters  level  activity 
responsible  for  the  logistical  support  of  the  weapon  system  (19»3)« 
The  Directorate  of  Materiel  Requirements  (LOR)  in  Air  Force 
Logistics  Command  Headquarters  is  responsible  for  the  calculations 
affecting  the  depth  of  items  to  be  provided  as  part  of  the  ISSL. 

When  calculating  the  number  of  a given  item  to  stock  as 
part  of  the  ISSL,  the  specialist  assigned  to  AFLC/LOR  must  work 
within  the  parameters  established  by  the  engineering  specialist. 

While  working  within  these  parameters  the  LOR  specialist  must  assume 
that  the  data  supplied  by  the  equipment  specialist  is  accurate}  thus 
making  the  initial  requirements  computations  accurate.  However, 
according  to  an  inventory  management  specialist  assigned  to  AFLC/LOR, 
the  quantities  of  items  carried  on  the  ISSL  are  not  always  accurate 
as  evidenced  by  the  numerous  requests  for  changes  to  the  ISSL  stock- 
age  level  which  are  being  received  by  AFLC/LOR  (2,6,8,9*1,11). 
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Two  examples  of  problems  associated  with  an  inaccurate 
quantity  on  a ISSL  were  given  by  a supply  system  analyst  assigned 
to  the  Directorate  of  Logistics  (AFLC/LGL).  First  of  all  he  had 
a personal  experience  with  an  over  stockage  due  to  an  inaccurate 
ISSL  supporting  an  F-4E  fighter  squadron  in  Germany  in  1972  (2). 

The  squadron  was  being  supported  by  an  ISSL  which  contained 
items  valued  at  over  $400,000.  During  the  two  year  time  span  of 
the  ISSL,  only  14  per  cent  of  the  items  were  used.  The  result  was 
that  approximately  $344,000  was  invested  in  inventory  that  was  not 
used.  Some  of  this  excess  inventory  was  returned  to  the  supply 
system  with  the  remainder  being  disposed  of  as  salvage  material  (2), 
The  second  example  concerned  a problem  that  he  was  currently 
trying  to  solve.  This  second  example  also  concerned  an  P-AS  fighter 
squadron,  but  In  this  instance  the  fighters  were  assigned  to  the 
Alaskan  Air  Command.  The  problem  revolved  around  the  fighter 
squadron  experiencing  a 60  per  cent  Hot  Mission  Capable-Supply 
(HKCS)  rate  because  the  ISSL  did  not  specify  an  adequate  range  and 
depth  of  spare/replacement  parts  (2). 

The  first  example  serves  to  point  out  that  when  the 
engineering  estimates  on  the  reliability  of  components  are  used, 
the  ISSL  quantities  can  be  high  when  predicting  the  depth  of 
spare/ replacement  parts  needed  to  support  a weapon  system  during 
its  initial  period  of  service  (2,6,8,11).  The  second  example  points 
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out  that  as  a system  progresses  through  time  I SSL  is 

adjusted  for  the  "no  demand,  generate.'  - items,  the  range  and  depth 
of  items  specified  for  system  support  may  he  low.  The  low  system 
support  results  because  the  "no  demand  generated"  items  are  deleted 
from  all  future  ISSLs  so  that  new  system/equipment  activations  will 
not  have  the  items  included  when  in  fact  the  items  may  be  needed ; 
thus  degrading  the  logistical  support  intended  for  the  system. 
Logistical  support  was  further  degraded  when  the  different  type 
of  operating  environment  for  the  F-4E  was  not  taken  into  considera- 
tion when  the  required  superb  items  were  specified  for  the  Alaskan 
Air  Command  (2). 

In  the  race  t past,  the  ISSL  estimates  were  predominantly 
high,  which  caused  the  expenditure  of  several  million  dollars  for 
the  procurement  of  e pars/ replacement  parts  which  were  not  used  (21 *1 ) . 
The  high  expenditure  of  funds  caused  the  House  Appropriations 
Committee  to  direct  the  General  Accounting  Office  (GAO)  to  conduct 
an  investigation  into  the  initial  provisioning  practices  of  the 
Air  Force  (21 »l),  A 1971  GAO  report  stated 

The  Air  Force  spends  hundreds  of  millions  of  dollars 
annually  to  obtain  spare  parts  needed  to  support  new  air- 
craft during  an  initial  period  of  operation.  . . . Initial 
provisioning  is  one  of  the  most  important  activities  of 
military  supply.  If  not  enough  parts  are  purchased, 
operational  capabilities  of  new  aircraft  can  be  reduced. 

If  too  many  parts  are  purchased  too  soon,  or  if  wrong  parts 
are  purchased,  money  is  wasted  or  prematurely  spent  £21«l]J. 

V 

The  report  continued  and  said 


The  appropriations  Committees  of  the  Congress  and  other 
committees  may  wish  to  consider  the  matters  discussed  in  this 
report  in  connection  with  future  Air  Force  requests  for  spare 
parts  to  initially  support  new  weapon  systems  [21  •A']. 

Ac  a result  of  this  unfavorable  GAO  report,  DOD  directives 
were  implemented  by  the  inventory  specialists  at  AFLC  which  signi- 
ficantly reduced  the  ISSL  stock  levels  (7:1),  The  Inventory 
management  specialists  who  were  interviewed  pointed  out  that  the 
ISSL  stock  levels  have  become  insurance  items  until  normal  supply 
channels  can  be  established  and  each  item  on  the  ISSL  has  had  an 
opportunity  to  go  through  its  demand  development  period  (2,6,8,11). 

The  demand  development  period  extends  from  the  item's 
preliminary  operational  capability  date  to  that  point  in  time 
when  the  item  requirements  "...  can  be  forecast  based  upon 
actual  demand  or  other  empirical  data  indicative  of  the  need  for 
spare  and  repair  parts  [19*Enc.l  4-1]."  The  demand  development 
period  cannot  exceed  two  years}  however,  in  some  cases  the  period 
may  end  in  a relatively  shorter  period  of  time  (l9:Encl  4-1). 

Other  factors  which  the  inventory  specialists  pointed  out 
indicate  that  there  is  a inadequate  feedback  system  due  to  an 
apparent  lack  of  understanding  of  -the  ISSL  development  and  adjust- 
ment process.  Perhaps  the  most  graphic  portrayal  of  this  lack  of 
understanding  occurs  when  the  spare/replacement  parts  are  requisi- 
tioned from  the  base  supply  system.  For  example,  the  requisitioning 
code  oftentimes  does  not  reflect  the  proper  priority  code}  I . e ., 


an  expedite  code  is  used  instead  of  a routine  code  when  applicable 
(2).  The  impact  of  these  expedited  requisitions  is  felt  at  the 
provisioning  conference.  The  provisioning  conference  serves  as  a 
forum  at  which  the  system  manager,  item  manager,  and  representatives 
from  the  using  command  meet  to  review  and  discuss  the  range  and 
depth  of  items  designated  to  become  part  of  the  ISSL  (15*12-29). 

The  major  command  representatives  oftentimes  comes  to  these  con- 
ferences with  requests  for  changes  to  the  levels  of  certain  items 
which  are  based  on  personal  experiences,  actual  or  historical,  on 
similar  items. 

Once  the  ISSL  has  been  established  changes  to  the  computed 
stock  levels  may  be  submitted  to  Directorate  of  Materiel  Require- 
ments (AFLC/LOR)  for  review  and  possible  inclusion  in  the  ISSL 
(2, 6, 8, 9*1).  Currently,  AFLC  policy  authorizes  units  to  submit 
requests  for  changes  to  the  computed  ISSL  quantity  levels,  provided 
the  changes  are  based  on  sound  managerial  judgement  and  submitted 
in  writing  to  AFEC/LOR  (6,8, 9*1).  The  intent  of  this  policy  was  to 
allow  for  unusual  circumstances  to  be  rectified.  These  written 
requests  for  changes  to  the  computed  levels  were  expected  to  be 
the  exception  rather  than  the  rule.  However,  change  request  letters 
are  continually  being  received  and  processed  by  AFLC/LQR,  which 
indicates  a lack  of  understanding  of  the  ISSL  process  and  its 
purpose  by  the  using  agencies  (6,9*i). 
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To  put  the  foregoing  into  perspective,  the  initial  spares 
support  list  (ISSL)  is  designed  to  provide  an  adequate  range  and 
depth  of  spare/replacement  parts  at  base  level  to  support  weapon 
system/equipment  activations  until  normal  supply  channels  can  be 
established.  The  depth  of  items  provided  is  fixed  for  730  days 
unless  actual  demand  exceeds  the  anticipated  usage  (15:12-29). 

Based  on  the  proceeding  information  the  problem  for  our 
research  effort  is  to  develop  a dynamic  model  of  the  ISSL  develop- 
ment process.  Since  the  steps  applicable  to  a system  dynamics 
approach  will  be  employed  in  the  model  construction  several 
research  objectives  were  established  and  research  questions  were 
formulated  to  guide  the  research  effort.  These  research  questions 
and  objectives  were  designed  to  uncover  the  structure  of  the  ISSL 
development  process  because  uncovering  the  structure  of  a system 
".  . . tells  how  the  parts  are  related  to  one  another  Qj:15]*" 

Applying  System  Dynamics 

System  dynamics  was  selected  as  the  approach  to  study  the 
ISSL  development  process  because  it  provides  ■*.  . . a way  of  study- 
ing the  behavior  of  industrial  systems  to  show  how  policies, 
decisions,  [and]  structure  . , . are  interrelated  . . . Q3:vii].M 
Another  factor  which  prompted  the  application  of  system  dynamics 
to  this  research  effort  was  that  the  central  activities  of  the  ISSL 
development  process  are  also  found  in  the  corporate  activities 
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towards  which  system  dynamics  is  directed.  In  his  book  Industrial 
Dynamics . Forrester  said 

. . . any  economic  or  corporate  activity  consist  of 
flows  of  money,  orders,  materials , personnel,  and  capital 
equipment . These  five  flows  are  integrated  by  an  informa- 
tion network  pivii]. 

Further,  system  dynamics  "...  recognizes  the  critical  importance 
of  this  information  network  in  giving  the  system  its  own  dynamic 
characteristics  p : vii] . " 

In  approaching  the  construction  of  a model  of  the  ISSL 
development  process  system  dynamics  was  attractive  because  it 
analyzes  the  real  world  system  to  ",  . . determine  how  information 
and  policy  create  the  character  of  the  organization  [3: vii],"  and 
permits  the  model  to  be  used  as  a "management  laboratory."  The 
system  dynamics  approach  requires  a series  of  steps  for  the  success 
ful  creation  of  the  management  laboratory.  Two  of  the  steps 
necessary  for  the  successful  application  of  system  dynamics  are 

. . . first  ...  to  identify  the  problems  and  goals 
of  the  organization.  The  second  is  to  formulate  a model 
that  shows  the  interrelationships  of  the  significant  factors. 
Such  a model  is  a systematic  way  to  express  our  wealth  of 
descriptive  knowledge.  . . pi  vii]. 

By  applying  system  dynamics,  the  model  was  developed  that  revealed 

the  behavior  of  the  system  as  determined  by  the  interactions  of  the 

system's  variables.  Perhaps  the  greatest  benefit  of  a properly 

constructed  model  is  that  "...  proposed  changes  can  be  tried 

in  the  model  and  the  best  of  them  used  as  a guide  to  better 

management  pi  vii]." 
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The  best  support  for  the  use  of  system  dynamics  is  found 
in  Jay  Forrester's  book  Industrial  Dynamics;  the  reader  should  note 
that  industrial  dynamics  is  synonymous  with  system  dynamics.  In 
Industrial  Dynamics  Forrester  saids 

Industrial  dynamics  is  the  study  of  the  information- 
feedback  characteristics  of  industrial  activity  to  show 
how  organizational  structure,  amplification  (in  policies), 
and  time  delays  (in  decisions  and  actions)  interact  to 
influence  the  success  of  the  enterprise.  It  treats  the 
interactions  between  the  flows  of  information,  money, orders, 
materials,  personnel,  and  capital  equipment  in  a company, 
an  industry,  or  a national  economy. 

Industrial  dynamics  provides  a single  framework  for 
integrating  the  functional  areas  of  management — marketing, 
production,  accounting,  research  and  development,  and 
capital  investment.  It  is  a quantitative  and  experimental 
approach  for  relating  organizational  structure  and  corporate 
policy  to  industrial  growth  and  stability. 

Industrial  dynamics  should  provide  a basis  for  the  design 
of  more  effective  industrial  and  economic  systems  [3*13]. 

The  ISSL  development  process  of  the  Air  Force  supply  system 
further  lends  itself  to  a system  dynamics  approach  because  it  has 
all  of  the  characteristics  delineated  by  Forrester.  These 
characteristics  include  an  organizational  structure,  policies, 
decisions,  information  flows,  money,  orders,  material,  personnel, 
and  capital  equipment.  In  addition,  the  ISSL  development  process 
also  includes  areas  which  are  equivalent  to  the  functional  areas 
found  in  private  Industry  which  include  marketing,  production, 
accounting,  research  and  development,  and  capital  investment.  The 
distinct  similarities  that  exists  between  the  ISSL  development 
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process  and  the  information-feedback  structure  of  private  industrial 
concerns  make  the  system  dynamics  approach  to  model  construction 
well  suited  to  our  needs. 

Research  Questions 

The  research  questions  that  were  addressed  during  this 
AFLC  requested  study  werei 

A.  Can  the  pertinent  dynamic  interrelationships  that 
produce  the  ISSL  be  identified? 

B.  Can  the  cause  and  effect  relationships  of  the  interact- 
ing variables  be  traced? 

C.  Can  the  control  process  be  formulated  to  describe 
how  decisions  result  from  available  information? 

D.  Can  a mathematical  model  of  the  process,  information 
sources,  und  interactions  of  the  ISSL  development 
process  be  constructed? 

Research  Objectives 

The  following  specific  research  objectives  were  developed 
to  guide  this  research  effort  towards  the  general  objective  of 
constructing  a dynamic  model  of  the  initial -spares  support  list 
(ISSL)  development  process: 

A.  Determine  the  pertinent  dynamic  interrelationships 
that  produce  the  ISSL.  Identify  the  pertinent  inf or- 
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nation-feedback  structures  that  exist  and  how  they 
interact  to  produce  the  range  and  depth  of  items 
required  to  provide  end  item  support, 

B.  Trace  the  cause  and  effect  relationship  of  the  inter- 
acting variables.  By  accurately  tnpacing  the  relation- 
ships that  exist  between  the  variables  which  have  been 
determined  to  be  pertinent,  the  central  underlying 
structure  of  the  ISSL  development  process  will  be 
revealed. 

G.  Formulate  the  control  process  to  describe  how  decisions 
result  from  available  information.  The  formal  as  well 
as  informal  control  processes  which  result  in  the 
finalized  ISSL  must  be  studied  to  accurately  represent 
how  the  published  ISSL  is  determined. 

D.  Construct  a mathematical  model  of  the  process,  infor- 
mation sources,  and  interactions  of  the  ISSL  develop- 
ment process.  The  construction  of  a quantitative  model 
provides  a method  of  insuring  that  all  pertinent  vari- 
ables have  been  included  and  that  the  constructed  model 
accurately  represents  the  ISSL  development  process. 

E.  Generate  the  behavior  of  the  system  through  time  by 
operating  the  mathematical  model.  Through  operation 

of  the  model  the  applicability  of  the  model  to  the  system 
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and  its  ability  to  duplicate  the  system  will  be  revealed. 
For  the  ISSL  development  process,  adequate  end  item 
support  will  be  provided. 

F.  Test  the  internal  and  external  validity  of  the  model. 

In  order  for  the  model  to  be  useful  it  must  replicate 
the  system  being  studied.  For  this  to  be  possible  all 
of  the  internal  and  external  functioning  of  model  must 
duplicate  the  actual  system. 

In  the  succeeding  chapters  the  model  of  the  initial  spares 
support  list  (ISSL)  development  process  will  be  described  in  confor- 
mance with  the  research  objectives.  Chapter  II  will  address  the 
methodology  of  the  research  effort  and  provides  an  introduction  to 
system  dynamics.  Chapter  III  presents  the  interrelationships  and 
the  polarity  of  the  relationship  between  the  variables  that  make  up 
the  ISSL  development  process. 

The  control  processes  of  the  system  will  be  formulated,  and 
a mathematical  model  constructed  in  Chapter  IV.  Model  operation 
and  validation  are  discussed  in  Chapter  V.  Chapter  VI  presents  a 
summary  of  the  study,  conclusions,  and  recommendations  for  further 
research. 
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Chapter  II 


METHODOLOGY 


Introduction 


As  indicated,  in  Chapter  I,  system  dynamics  was  employed  to 
analyze  the  ISSL  development  process.  Presented  in  this  chapter  are 
the  system  dynamics  techniques  of  causal  loop  diagramming,  flow 
diagramming,  and  equation  formulation.  This  is  followed  by  comments 
concerning  model  operation,  validation,  experimentation,  and  data 
sources.  The  discussion  in  this  chapter  is  designed  to  prepare  the 
reader  for  the  technical  discussion  of  the  model  in  succeeding  chap- 
ters. Causal  loop  diagramming  is  presented  first. 


Causal -Loop  Diagramming 

Goodman  both  defined  and  stated  the  purpose  of  causal -loop 


diagramming.  He  saidi 


System  dynamics  focusses  on  the  structure  and  behavior  of 
systems  composed  of  interacting  feedback  loops.  . . . Causal- 
loop  diagrams  identify  the  principal  feedback  loops  without 
distinguishing  between  the  nature  of  the  interconnecting  vari- 
ables. . . . and  play  two  important  roles  in  system  dynamics 
studies.  First,  during  model  development,  they  serve  as  pre- 
liminary sketches  of  causal  hypotheses.  Second,  causal -loop 
diagrams  can  simplify  illustration  of  a model.  In  both 
capacities,  causal-loop  diagrams  allow  the  analyst  to  quickly 
communicate  the  structural  assumptions  underlying  his  model 

0*5]. 
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A relatively  simple  example  from  the  ISSL  development  process  model 
is  presented  in  Figure  2-1  to  illustrate  the  major  structural 
features  of  a causal  loop  diagram . This  diagram  will  be  developed 
into  a system  dynamics  flow  diagram  and  a series  of  DYNAMO  equations 
in  later  sections  of  this  chapter* 
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Figure  2-1.  Example  Causal-Loop 

The  three  major  components  of  the  causal  loop  are  its  vari- 
ables, the  relationships  between  the  variables,  and  the  polarity  of 
the  loop.  The  variables  are  Forrester's  ",  , , factors  that  appear 
to  interact  to  create  the  observed  symptoms  p:13D."  In  the  example, 
they  are  the  Base  ISSL,  the  Base  ISSL  Adjustment  Bate,  the  Base  ISSL 
Discrepancy,  the  Worldwide  ISSL,  and  the  Fraction  of  End  Items  on 
Base., 

The  relationship  between  a pair  of  variables  is  indicated 
by  an  arrow.  The  directional  influence  of  the  relationship  is 
indicated  by  the  direction  of  the  arrowhead  (^*6-?) . Referring  to 


the  example,  the  Worldwide  ISSL  influences  the  Base  ISSL  Discrepancy 
the  Base  ISSL  Discrepancy  influences  the  Base  ISSL  Adjustment  Rate, 
and  so  on.  The  sign  of  the  arrow  indicates  the  type  of  influence. 

A critical  assumption  in  determining  the  sign  of  a pairwise  causal 
relationship  is  that  all  factors  are  held  constant  except  for  the 
variables  in  the  relationship  under  consideration  (4  s 8).  For 
example,  when  considering  the  relationship  between  the  Worldwide 
ISSL  and  the  Base  ISSL  Discrepancy,  the  Fraction  of  End  Items  on 
Base,  the  Base  ISSL  Adjustment  Rate,  and  the  Base  ISSL  are  all 
considered  to  be  constants.  If  the  sign  of  the  relationship  is 
positive,  then  ",  . .a  change  in  one  variable  generates  a change 
in  the  same  direction  in  the  second  variable  relative  to  its  prior 
value  ...  [4 j 73."  In  the  example,  an  increase  in  the  Worldwide 
ISSL  results  in  an  increase  in  the  Base  ISSL  Discrepancy?  similarly, 
a decrease  in  the  Worldwide  ISSL  results  in  a decrease  in  the  Base 
ISSL  Discrepancy. 

If  the  sign  of  the  arrow  is  negative,  ".  . .a  change  in 
one  variable  produces  a change  in  the  opposite  direction  in  the 
second  variable  [4s  ?]."  For  example , as  the  Base  ISSL  increases, 
the  Base  ISSL  Discrepancy  decreases?  conversely,  as  the  Base  ISSL 
decreases,  the  Base  ISSL  Discrepancy  increases. 

The  polarity  of  the  overall  causal-loop  is  indicated  by  the 
or  - sign  in  parenthesis  within  the  loop.  If  the  polarity  of  the 
loop  is  positive,  . , a change  in  one  element.  . . causes  further 
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change  in  the  same  direction  in  an  unending  process  £4- *263." 

If  the  polarity  of  the  loop  is  negative,  the  loop  is  goal  seeking 
(4*9) ; that  is,  there  is  a feedback  mechanism  present  which 

. . . tends  to  keep  a given  system  at  equilibrium. 

In  the  most  simple  system,  a single  rate  based  on  discre- 
pancies between  the  desired  goal  and  level  drives  the  system 
to  its  goal  value.  Inflow  or  outflow  rates  readjust  until 
the  level  reaches  the  desired  value  [4>*5i3« 

This  is  the  case  in  the  example.  The  polarity  of  the  loop  is 

negative;  therefore,  any  influence  that  generates  a Base  ISSL 

Discrepancy  will  be  countered  by  an  adjusted  Base  ISSL  Adjustment 

Rat©  until  the  desired  Base  ISSL  level  is  reestablished. 

After  the  entire  ISSL  development  process  was  described 
to  the  point  where  the  important  variables  and  interrelationships 
were  identified  in  a causal-loop  diagram,  system  flow  diagrams 
were  developed. 


Flow  Diagramming 

Flow  diagramming  is  an  intermediate  step  in  developing 
a system  dynamics  model,  Goodman  stated  that  detailed  flow 
diagrams  must  be  constructed  before  simulation  analysis  can 
proceed  from  the  causal -loop  stage  (4  *12),  Forrester  stated  that 

...  a pictoral  representation  of  an  equation  system  is 
highly  desirable.  A diagram  that  displays  the  interrelation- 
ships between  equations  helps  to  lend  clarity  to  the  system 
foxvJLatior..  ...  A properly  constructed  flow  diagram  is 
better  than  a sot  of  equations  for  communicating  the  structure 
of  a system  to  many  practicing  managers.  A diagram  represents 
an  intermediate  transition  between  verbal  description  and  a 
set  of  equations  Q3«  81]. 
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The  standard  symbols  used  in  flow  diagramming  are  illustrat- 
ed in  Figure  2-2  and  briefly  discussed  below.  An  auxiliary  variable 
represents  a concept  in  the  information  flow  channel  that  has  an 
independent  meaning.  It  can  be  algebraically  substituted  into  a 
rata  equation.  A constant  is  a numerical  value  that  doos  not 
change  for  the  duration  of  the  computation  of  a single  model  run. 

A decision  function  (rate)  can  be  thought  of  as  a "valve"  that 
determines  the  rate  of  flow  in  a flow  channel.  A delay  is  a com- 
bination of  levels  and  decision  functions  that  modify  the  time 
relationships;  between  the  input  flow  which  is  given  and  the  result- 
ing output  flow  which  is  generated  by  the  delay.  A flow  of  infor- 
mation represents  the  passage  of  information  within  the  system. 

A flqw  of  resources  is  the  passage  of  people,  money,  or  materials 
into  or  out  of  the  levels  within  the  system.  An  information 
takeoff  is  the  origin  of  an  information  flow.  A level  is  the 
aggregation  of  resources  within  the  system}  H is  analogous  to 
inventory  in  a supply  system.  A source  or  a sink  is  an  origin 
or  destination  of  resources  which  lies  outside  of  the  boundaries 
of  the  model. 

A system  dynamics  model  is  primarily  concerned  with  levels 
and  flow  rates.  Forrester  saidi 

A basic  structure  of  alternating  levels  and  flow  rates 
seems  to  represent  the  nature  of  industrial  management 
systems.  The  levels  determine  the  decisions  that  control 
flow  rates.  The  flow  rates  cause  changes  In  the  levels. 

These  levels  and  rates  make  up  six  interconnected  networks 
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Delay 


Flow  of  Information 


Flow  of  Resources 


Information  Takeoff 


Level 


Source  or  Sink 


Figure  2-2.  Flow  Diagram  Symbology  (3:82-84) 
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that  constitute  industrial  activity.  Five  of  these  represent 
materials,  orders,  money,  capital  equipment,  and  personnel. 
The  sixth,  the  information  network,  is  the  connecting- tissue 
that  interrelates  the  other  five  Q3*  67]]. 

The  flow  diagram  corresponding  to  the  example  causal -loop 

diagram  in  Figure  2-1  is  presented  in  Figure  2-3. 
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2-3. 

Example  Flow  Diagram 

Tho  primary  flow  in  this  diagram  is  the  flow  of  Information 
concerning  the  level  of  the  Base  ISSL,  This  flow  is  represented 
in  -the  diagram  as  originating  at  a source/sink  and  moving  through 
a two-way  "valve"  (Base  ISSL  Adjustment  Rate)  into  the  level 
"Base  ISSL" , The  valve  is  controlled  by  the  Base  ISSL  Discrepancy 
which,  in  turn,  is  a function  of  other  factors  that  are  determined 
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by  management  decisions.  According  to  Figure  2-3  the  Base  ISSL 
Adjustment  Rate  is  controlled  by  an  information  feedback  loop 
which  compares  the  actual  Base  ISSL  level  with  the  desired  Base 
ISSL  level  (i . e . , the  Worldwide  ISSL  times  the  Fraction  of  End 
Items  on  Base)  to  determine  if  a discrepancy  exists.  If  a dis- 
crepancy does  exist,  the  Base  ISSL  Adjustment  Rate  is  adjusted 
to  correct  the  discrepancy.  From  this  flow  diagram  it  is  possible 
to  construct  the  mathematical  equations  that  are  required  to  run 
the  model  on  the  computer. 

Equation  Formulation 

The  computer  language  that  is  used  to  implement  a system 
dynamics  model  is  called  DYNAMO  (10:1).  This  section  discusses 
the  format  of  the  equations  used  by  the  DYNAMO  program  and  illu- 
strates the  correlation  between  a flow  diagram  and  its  DYNAMO 
equations.  The  equations  that  correspond  to  the  example  flow 
diagram  of  Figure  2-3  are  presented  in  the  text  as  they  are  dis- 
cussed, 

Forrester  stated  that 

The  equations  tell  how  to  generate  the  system  conditions 
for  a new  point  In  time,  given  the  conditions  known  from  the 
previous  point  in  time.  The  equations  of  the  model  are  evalu- 
ated repeatedly  to  generate  a sequence  of  stops  equally  spaced 
in  time.  Level  equations  and  rate  equations  generate  the 
levels  and  rates  of  the  basic  model  structure.  In  addition, 
auxiliary,  supplementary,  and  initial-value  equations  are 
used  D«  ?3]. 


28 


Before  the  five  classes  of  DYNAMO  equations  listed  by  Forrester 
can  be  discussed,  it  is  necessary  to  explain  the  time  sequence 
that  the  DYNAMO  program  uses  as  a basis  for  its  computations. 

DYNAMO  deals  with  only  three  times j the  present  time 
(K),  the  time  that  is  one  time-unit  (DT)  in  the  past  (j),  and 
the  time  that  is  one  time-unit  in  the  future  (L).  The  time -unit, 
DT,  is  a constant  that  is  determined  by  the  analyst.  Since  the 
program  deals  with  only  three  points  in  time  (J,K,L),  each 
separated  by  the  time  period  DT,  there  are  only  two  time  periods 
in  the  models  JK  and  KL,  each  of  which  is  DT  long.  When  the 
program  is  run,  the  computer  calculates  all  levels  at  time  K and 
all  rates  for  the  time  interval  KL.  The  computer  then  "indexes" 
time  one  step  into  the  future  (3  * 74-75) . 

The  K levels  just  calculated  are  relabeled  as  J levels. 
The  KL  rates  become  JK  rates.  Time  X,  "the  present,”  is 
thus  advanced  by  one  interval  of  time  of  DT  length.  The 
entire  computation  sequence  can  then  be  repeated  to  obtain 
a new  state  of  the  system  at  a time  that  is  one  DT  later 
than  the  previous  state  [3s  75]. 

This  concept  is  illustrated  graphically  in  Figure  2-4  and  is  the 

basis  for  the  formulation  of  the  five  classes  of  DYNAMO  equations. 

Level  (L)  equations  define  "...  the  varying  contents  of 
the  reservoirs  (stocks,  inventories,  balances)  of  the  system 
[3*  76]".  Levels  would  exist  even  if  the  system  were  brought  to 
rest  and  no  flows  existed.  Level  equations  are  independent  of 
each  other  and  depend  only  on  information  before  time  K (3*  ?6 ). 


TIME 


J K L (indexing  at  Time  = t^) 

J K L (indexing  at  Time  = tg) 

J K L (indexing  at  Time  = t^) 

Figure  2-4.  DYNAMO  Time  Flow 

An  .example  of  a level  equation  from  Figure  2-3  is  j 

BISSL.  K = BISSL.  J + (DT) (BIAR.JK) 

This  equation  states  that  the  present  value  of  the  Base  ISSL  at 
time  K equals  the  previous  value  of  the  Base  ISSL  computed  at  time 
J plus  the  value  of  the  Base  ISSL  Adjustment  Rate  during  the  last 
time  interval  JK  times  the  length  of  the  time  Interval  JKj  i.e,,  DT. 

Rate  (R)  equations  define  the  rate  of  flow  between  the  levels 
of  the  system.  They  are  decision  functions  of  the  system  and  are 
evaluated  from  the  presently  existing  values  in  the  levels  in  the 
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system  (3*77).  An  example  of  a rate  equation  from  Figure  2-3  is 
BIAR.KL  » BISSLD.K.  This  equation  states  that  the  Base  ISSL 
Adjustment  Rate  for  the  time  period  XL  will  equal  the  Base  ISSL 
Discrepancy  calculated  at  time  X. 

Auxiliary  (A)  equations  are  subdivisions  of  rate  equations 
that  permit  keeping  rate  equations  simple  and  in  close  correspondence 
with  the  flow  diagram.  Examples  of  auxiliary  equations  and  their 
corresponding  rate  equation  from  another  portion  of  the  ISSL  develop- 
ment model  are i 

A WIARF1 . K = (WID1 . X)  (WT?1 . X)  (WTF3 . K)/DT 
A WIARF2..K  = (wiD2.K)(WTF2.K)(VrF3.K)/llT 
R WIAR.KL  = (WIARF1.K  + WIARF2.X) 

Note  that  all  three  equations  are  composed  of  relatively  simple 

mathematical  terms  which  can  be  easily  related  to  the  structure  of 

a flow  diagram.  If  the  three  equations  are  combined  into  a single 

rate  equation,  the  expression  on  the  right  side  of  the  equation 

becomes  unnecessarily  complex j 


Supplementary  (S)  equations  may  be  used  to  define  variables 
which  are  not  a part  of  the  structure  but  which  are  of  interest  to 
the  researcher  (3*79).  They  aro  not  used  in  the  ISSL  model. 

Initial-value  (N)  equations  are  used  to  define  the  initial 
values  of  all  levels,  and  some  rates,  that  must  be  given  before  the 
first  cycle  of  computations  can  begin  (3*79).  BISSL  - BISSLI 
ia  an  initial  value  equation  which  states  that  Base  ISSL  equals  the 
initial  Base  ISSL. 
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The  five  classes  of  equations  discussed  in  this  section  are 
the  basic  elements  of  a system  dynamics  model  which  can  be  run  on 
the  computer  with  the  DYNAMO  simulation  language.  Forrester  issued 
a word  of  caution  concerning  the  DYNAMO  equations.  He  stated  that 

. . . these  equations  are  not  "right"  in  any  intrinsic 
or  mathematical  way.  They  merely  describe  what  we  have  chosen 
as  the  most  significant  relationships.  The  equations  are  akin 
to  a verbal  description  of  the  situation.  They  are  wrong  to 
the  extent  that  we  wrongly  interpret  the  organization  which  is 
being  described  Qj-iM.], 

The  "rightness”  of  the  equations  will  influence  the  remaining  steps 
of  the  system  dynamics  modelling  process.  These  steps  are  discussed 
in  the  next  section. 


Model  Operation,  Validation,  and  Experimentation 

Once  the  three  processes  of  causal -loop  diagramming,  flow 
diagramming,  and  equation  formulation  were  completed  for  the  ISSL 
development  process,  the  following  three  steps  in  the  application 
of  system  dynamics  were  accomplished* 

♦Generate  the  behavior  through  time  of  the  system  as 
described  by  the  model  £in  this  case  using  the  DYNAMO 
computer  program], 

• • t 

♦Compare  results  against  . , , pertinent  available 
knowledge  about  the  actual  system, 

♦Revised  the  model  until  it  is  acceptable  as  a representa- 
tion of  the  actual  system  Q3si3]* 

Model  building  Is  an  experimental  process.  Once  the  basic 
model  was  developed,  simulations  on  the  computer  were  made.  The 
behavior  of  the  model  Mas  compared  with  expected  behavior  and  with 
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the  behavior  of  the  actual  system.  If  differences  existed,  changes 
in  the  flow  diagrams,  the  equations,  or  both  were  made,  and  the 
simulation  was  reaccomplished.  This  process  was  repeated  until 
the  behavior  of  the  model  closely  resembled  the  behavior  of  the  real 
world  ISSL  development  process.  In  this  way  the  internal  validity 
of  the  model  was  confirmed.  The  model  was  developed  to  the  point 
where  it  now  can  be  used  as  a management  laboratory  in  which  the 
analyst  can  experiment.  It  cannot  predict  the  specific  state  of 
the  system  at  a given  point  in  the  future,  but  it  can  show  the 
effects  of  a change  in  policy  or  structure  on  the  general  behavior 
of  the  system.  The  ultimate  goal  of  the  analyst,  and  the  purpose 
of  the  model,  is  to  show  the  manager  of  the  system  how  to  improve 
the  organisation’s  policies  and  structure  (3 *130-133) • 

Data  Sources 

Data  necessary  for  the  construction  of  the  causal  loop 
diagrams,  flow  diagrams,  and  DINAMO  equations  were  obtained  from 
AFLC  Headquarters  personnel  through  personal  interviews  and  from 
various  DOD,  USAS',  and  AFLC  publications.  These  sources  represent 
the  ISSL  policy  makers  and  the  directives  which  implement  their 
policy.  Specific  numerical  data  were  obtained  from  aotual  AFLC 
fores  where  they  were  available j where  actual  data  was  not  available, 
numbers  were  intuitively  developed  to  enable  the  model  to  operate. 
Reference  to  specific  data  sources  are  made  throughout  the  following 
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chapters.  Statistical  techniques  were  not  required,  in  the 
development  of  the  model. 

This  completes  the  discussion  of  the  research  methodology. 
Chapter  III  identifies  the  variables  in  the  ISSL  development 
process  and  discusses  the  cause  and  effect  relationships  among 
these  variables. 


Chapter  III 


CAUSE  AND  EFFECT  RELATIONSHIPS 


Introduction 

As  indicated  in  Chapter  II,  the  identification  of  the 
important  variables  and  their  interrelationships  begins  with  a 
causal -loop  diagram  of  the  system  under  study.  This  chapter  identi- 
fies the  cause  and  effect  relationships  that  exist  between  the  vari- 
ables that  interact  to  form  the  initial  spares  support  list  (ISSL) 
development  process.  Goodman  stated  the  purpose  of  the  causal -loop 
diagram  when  he  said,  "...  causal-loop  diagrams  allow  the  analyst 
to  quickly  communicate  the  structual  assumptions  underlying  his 
model  Q**5]*" 

The  causal -loop  diagram  describes  the  feedback  mechanisms 
that  exist  between  the  variables  which  make  up  the  system.  In  order 
to  construct  a causal-loop  M.  , . we  must  first  establish  the  pair- 
wise relationships  of  relevant  variables  £4 1 5-6] . '*  After  the  pair- 
wise  relationships  are  established  the  variables  are  then  "... 
linked  together  to  fora  the  feedback  loops  of  the  system.  . . 

[4» ll-123.w  This  process  Is  repeated  until  all  the  relevant  vari- 
ables and  relationships  have  been  identified  and  linked  together  to 
fora  the  causal-loop  diagram  of  the  system  under  study. 
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To  facilitate  the  construction  of  the  causal-loop  diagram 
of  ISSL  development,  the  process  was  divided  into  sectors  so  that 
the  interacting  variables  could  be  more  readily  identified.  Through 
the  use  of  sectors  functions  and  control  processes  were  grouped  into 
homogeneous  areas  which  made  the  determination  of  variable  inter- 
action somewhat  easier  to  follow.  The  sectors  that  were  identi- 
fied and  pursued  during  the  research  effort  were  the  initial  spares 
support  list  vISSL)  Development,  Base  Inventory,  Depot  Inventory, 
and  Consumption  Sectors.  These  sectors  are  interdependent,  and 
their  interdependence  results  in  the  ISSL  development  process. 

The  remainder  of  this  chapter  describes  each  of  the  indivi- 
dual sectors  as  they  were  conceptualized.  Each  of  the  sector  des- 
criptions includes  its  causal-loop  diagram,  an  explanation  of  the 
palrvise  relationships  that  exists  between  the  variables  in  that 
sector,  and  a discussion  of  the  logic  that  was  used  in  designirg 
each  sector.  As  the  reader  progresses  ttxrough  this  chapter,  the 
interrelationships  of  the  variables  within  a given  sector  and  the 
interrelationship  between  the  sectors  should  become  evident. 

Initial  Computation  Parameters 

Selection  of  it  eras  for  Inclusion  on  the  initial  spares 
support  list  (ISSL)  la  ",  . . accomplished  by  the  ALC  [Air  Logistics 
Center]  having  support  responsibility  for  the  weapon  system  or  end 
article  of  equipment  £i5i 12-30]."  It  is  during  the  initial  provision- 
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ing  conference  that  the  technical  equipment  specialist,  item  manager, 
system  manager,  contractor,  and  using  command  representatives  meet 
to  discuss  the  range  and  depth  of  items  to  he  included  on  the  ISSL. 
However,  it  is  the  technical  equipment  specialist  who  has  "... 
final  responsibility  for  determining  the  range  of  items  selected 
for  an  ISSL  [15 i 12-30], " because  he  . . holds  a key  role  in 
developing  and  maintaining  logistics  support  for  Air  Force  systems 
and  equipment  [14*1]."  The  equipment  specialist's  responsibilities 
commence  ",  , . during  the  conceptual  phase  of  system  or  equipment 
development  and  continues  until  the  system  or  equipment  is  removed 
from  the  inventory  [l4*l]," 

Among  the  important  functions  performed  by  the  equipment 
specialist  are  the  determination  of  the  reparability  of  items,  the 
assignment  of  source,  maintenance,  and  recovers bill ty  codes,  and 
the  establishment  of  factors  to  be  used  for  the  maintenance  and 
overhaul  of  Air  Force  spare  and  repair  parts.  With  the  maintenance 
and  overhaul  factors  the  equipment  specialist  is  projecting  the 
Initial  maintenance  requirements.  These  factors  are  important 
because  they  , establish  the  base  line  for  initial  requirements 
computation  [14*6], " The  equipment  specialist  must  accurately  assign 
the  maintenance  and  overhaul  factors  because* 

The  accuracy  of  these  factors  is  reflected  in  excess  or 
shortages  during  the  initial  operational  and  maintenance  support 
periods.  In  effect,  the  maintenance  and  overhaul  factors  pre- 
dicate the  total  quantitative  procurement,  asset  distribution, 
dollars  spent  for  spares  and  repair  parts  support,  . . [14*61. 
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With  the  computation  parameters  set  by  the  equipment  specialist  the 
initial  requirements  computations  can  begin  with  the  rates  and 
factors  furnished  to  AFLC/LOR  on  the  Programming  Checklist. 


ISSL  Development  Sector 


The  causal-loop  diagram  of  the  inital  spares  support  list 
(ISSL)  development  sector  is  presented  as  Figure  3-1  • 
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Figure  3-1.  ISSL  Development  Sector  Causal -Loop 
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The  input  variables  to  this  sector  are  the  initial  computation 
parameters  furnished,  to  the  Directorate  of  Materiel  Requirements 
in  Headquarters,  Air  Force  Logistics  command  (AFLC/LOR)  by  the 
equipment  specialist  on  the  Programming  Checklist  (14:6—11 ) . 

Using  these  parameters  the  initial  requirements  for  the  economic 
order  quantity  items  "...  which  have  been  identified  as  logical 
spares  and/or  repair  parts  during  initial  provisioning.  , . £l2:2-l3' 
can  be  determined.  AFLC  Form  997 » ECQ  Initial  Provisioning  Work- 
sheet, is  normally  "...  used  to  manually  determine  initial  EOQ 
spares/repair  parts  requirements  for  centrally  procured  items  coded 
for  Air  Force  management  , . . £12:2-1]],"  The  variables  which 
form  this  sector  were  derived  from  the  computation  worksheet.. 

In  Figure  3-2  are  shown  the  relationships  that  exist  between 
the  Peak  Month  Program  (projected  monthly  demand) , Total  Quantity 
Installed  per  End  Item,  and  Total  Demand  Rate  Maintenance  Factor 
parameters  from  the  Programming  Check  List  on  the  Peak  Total  Month 
Denfind  Rate  Issues  ‘(projected  repair  requirements)  variable  on  the 
provisioning  worksheet.  The  positive  polarity  of  the  Peak  Month 
Program,  Total  Quantity  Installed  per  End  Item,  and  on  the  Total 
Demand  Rate  Maintenance  Factor  parameters  indicate  that  as  either 
one  of  these  parameters  increase  there  will  also  be  an  increase  in 
the  Peak  Total  Month  Demand  Rate  Issues  variables. 
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Figure  3-2.  Peak  Total  Month  Demand  Rate  Issues  Causal -Loop 

Figure  3-3  shows  the  relationship  and  polarity  that  exists 
between  the  same  Peak  Month  Program  and  Total  Quantity  Installed  per 
End  Item  parameters,  and  the  Depot  Replacement  Percent  parameter 
which  is  ",  . . developed  from  the  overhaul  replacement  factor  or  the 
provisioning  document  [12 i2— 2l , " with  the  Peak  Total  Month  Demand 
Overhaul  Issues  (projected  depot  level  issues  for  repairs).  As 
indicated  in  the  causal-loop  diagram  for  this  portion  of  the  sector 
all  three  of  the  parameters  have  a positive  effect  on  the  computation 
of  the  requirement  variable  which  means  that  as  the  parameters  in- 
crease so  will  the  calculated  variable  value  (12«2-2,3). 
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Figure  3-3 • Peak  Total  Month  Demand  Overhaul  Issues  Causal-Loop 
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The  calculated  values  for  the  Peak  Total  Month  Demand  Rate 


Sk  | 


Issues  and  Peak  Total  Month  Demand  Overhaul  Issues  have  an  impact 
on  the  provisioning  worksheet  value  for  the  variable  Peak  Total 
Month  Field  Issues  (projected  base  level  issues  for  repairs) . 

The  interrelationship  of  the  calculated  variables  is  indicated  in 
Figure  3-4.  As  the  Peak  Total  Month  Demand  Rate  Issues  increase 
so  will  the  Peak  Total  Month  Field  Issues;  however,  as  the  Peak 
Total  Month  Demand  Overhaul  Issues  increase  there  is  a decrease 
in  the  Peak  Total  Month  Field  Issues  (12:2-3). 
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Figure  3-4.  Peak  Total  Month  Field  Issues  Causal -Loop 

The  Peak  Total  Month  Field  Issues  interacts  with  standard 
support  times  used  for  Base  Order  and  Ship  Time,  Base  Repair  Cycle, 
and  Condemnation  Percent  to  determine  the  Order  and  Ship  Time  Require- 
ment and  the  Repair  Cycle  Requirement.  Since  ".  . . initial  spares 
procurement  will  be  limited  to  new  items  [12:1-1],"  standard  support 
times  are  used  because  ",  . .no  actual,  data  is  available  [12:2-l]." 

The  Order  and  Ship  Time  Requirement  causal-loop  is  presented 
as  Figure  3-5-  Each  of  the  variables  involved,  Peak  Total  Month 


_A\  .it  . 


Field  Issues,  Base  Order  and  Ship  Time,  and  Condemnation  Percent, 
have  a positive  effect  on  the  Order  and  Ship  Time  Requirement. 

The  result  of  these  positive  effects  is  that  as  either  of  variables 
increase  so  will  the  Order  and  Ship  Time  Requirement. 
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Requirement 
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Figure  3-5*  Order  and  Ship  Time  Requirement  Causal -Loop 

Figure  3-6  depicts  the  interrelationships  that  exist  to 
form  the  Repair  Cycle  Requirement.  In  this  instance  the  Peak  Total 
Month  Field  Issues  and  the  standard  value  for  the  Base  Repair  Cycle 
have  a positive  effect  on  the  Repair  Cycle  Requirement.  There- 
fore, as  these  variables  increase  so  will  the  Repair  Cycle  Require- 
ment increase.  However,  the  Condemnation  Percent  has  a negative 
effect  which  means  that  as  the  Condemnation  Percent  increases  the 
Repair  Cycle  Requirement  will  decrease.  The  Condemnation  Percent 
for  EOQ,  items  "...  will  always  equal  1.00  [12i2-2]jm  thus,  the 
Repair  Cycle  requirement  is  sero  for  EOQ  items.  This  will  be 
explained  further  in  Chapter  IV. 
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Figure  3-6.  Repair  Cycle  Requirement  Causal -Loop. 

The  Order  and  Ship  Time  Requirement  and  Repair  Cycle  Require- 
ment interact  as  shown  in  Figure  3-7  on  the  Initial  Worldwide  ISSL. 
Both  of  the  calculated  variables  have  a positive  effect  on  the  ISSL. 
As  the  Order  and  Ship  Time  Requirement  or  Repair  Cycle  Requirement 
increases  the  Initial  Worldwide  ISSL  will  also  increase. 
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Figure  3-7.  Initial  Worldwide  ISSL  Causal -Loop. 

In  order  to  show  the  effects  of  adjustments  made  to  the 
initial  ISSL  quantities  as  the  system  progresses  through  time,  a 
new  variable  called  Worldwide  ISSL  was  introduced.  The  Worldwide 
ISSL  variable  differs  from  the  Initial  Worldwide  ISSL  because  it 
takes  into  consideration  the  experience  gained  at  those  bases  that 
have  used  the  initial  ISSL  quantities  in  support  of  the  weapon 
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system/equipment  activation.  In  addition,  the  worksheets  with  the 
original  computations  "...  must  be  available  for  HQ  AFLC  review 


during  regularly  scheduled  materiel  management  reviews  £1222-1],” 
The  interactions  of  the  variables  that  have  an  impact  on  Worldwide 
ISSL  are  shown  in  Figure  3*8 • It  should  be  noted  that  if  the  ISSL 
is  still  in  its  initial  stages  of  deployment  and  actual  experiences 
are  limited  the  Initial  Worldwide  ISSL  and  the  Worldwide  ISSL  are 
the  same. 
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Figure  3*8.  Worldwide  ISSL  Causal -Loop 

As  shown  in  Figure  3-8,  as  the  Inputs  From  Other  Bases  goes 
up  there  will  be  an  increase  in  the  Worldwide  ISSL.  Similarly,  as 
the  Demand  Rate  experienced  from  actual  usage  of  the  ISSL  goes  up 
there  will  again  be  an  increase  in  the  Worldwide  ISSL.  As  the 
Initial  Worldwide  ISSL  goes  up,  so  too  will  the  Worldwide  ISSL 
because  they  are  essentially  the  same , dif f ereing  only  in  time  j i , e . , 
the  Initial  Worldwide  ISSL  initializes  the  Worldwide  ISSL  to  a given 
value,  after  which  time  the  Worldwide  ISSL  becomes  a function  of 
actual  consumption  data. 
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Figure  3-9*  Base  ISSL  Causal -Loop 


The  Base  ISSL  causal-loop  diagram,  Figure  3-9 » is  the  final 
portion  of  the  ISSL  development  sector.  As  the  Worldwide  ISSL 
increases  the  Base  ISSL  will  also  increase.  Further,  either  the 
Number  of  End  Items  On  Base  or  the  Base  End  Item  Use  Rate  will  have 
a positive  effect  on  the  Base  ISSL.  This  is  true  because  as  the 
number  of  end  items  increase  or  the  more  the  end  item  is  used,  the 
greater  the  amount  of  spare/replacement  parts  will  be  required  to 
support  the  end  item  (11). 

Thus,  the  ISSL  Development  Sector  is  composed  of  several 
interdependent  causal -loops  which  interact  to  produce  the  quantity 
of  items  required  to  provide  the  projected  end  item  support.  The 
description  of  Base  ISSL  causal-loop  provides  a point  to  begin  the 
description  of  the  Base  Inventory  Sector. 

Base  Inventory  Sector 

The  Base  initial  spares  support  list  (ISSL)  is  the  connecting 
.link  between  the  ISSL  Development  Sector  and  the  Base  Inventory 
Sector  as  shown  in  Figure  3 -10<  The  reader  should  note  -;hat  the 
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Figure  3-10. 


Base  Inventory  Sector  Causal -Loop 


Demand  Rate  element  is  not  only  in  the  ISSL  development  but  also  in 
the  Base  Inventory  Sector  as  well.  The  Demand  Rate  is  used  to 
calculate  the  Safety  Level  Quantity,  the  Order  and  Ship  Time 
Quantity  and  the  Economic  Order  Quantity  in  this  Sector. 

Figure  3-11  shows  that  as  the  Demand  Rate  goes  up  the  Safety 
Level  Quantity  also  increases.  Similarly,  as  the  Demand  Rate  increas- 
es, the  Order  and  Ship  Time  Quantity  also  increase.  It  should  be 
noted  that  a Safety  Level  Quantity  is  utilized  only  if  the  calculated 
safety  level  is  greater  than  the  demand  rate  multiplied  by  fifteen; 
otherwise,  the  Safety  Level  Quantity  is  equal  to  the  demand  rate 
multiplied  by  fifteen  (17:11-13). 

Safety  Level  Order  and  Ship 
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Figure  3-H.  Safety  Level  Quantity  and  Order  and  Ship  Time 
Quantity  Causal -Loop 

After  calculating  the  Safety  Level  Quantity  and  the  Order 
and  Ship  Time  Quantity,  the  Base  Reorder  Point  can  be  determined. 
The  'Causal -loop  diagram  for  the  Base  Reorder  Point,  Figure  3-12, 
reveals  that  the  Safety  Level  Quantity  and  the  Order  and  Ship  Time 
Quantity  each  have  a positive  effect  on  the  Base  Reorder  Point  such 
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that  as  either  one  goes  up  so  too  will  the  Base  Reorder  Point.  In 
addition  to  these  two  variables,  the  Base  ISSL  also  has  a positive 
effect  on  the  Base  Reorder  Point  which  means  that  as  the  Base 
ISSL  quantity  increases  the  Base  Reorder  Point  will  also  go  up. 

The  Base  Inventory  level  established  by  the  Base  ISSL 
receives  a positive  impact  from  not  only  the  Base  ISSL  but  also 
from  Other  Base  Requirements  as  well  (Figure  3-12).  The  established 
Base  Inventory  has  an  impact  on  the  Base  Reorder  Point  in  providing 
a timing  factor,  as  the  reorder  point  used  by  the  base  is  ",  . . l/3 
the  minimum  level  quantity  (ISSL)  or  normal  reorder  point  whichever 
is  greater  Ql?» 11-53] •"  The  ISSL  represents  the  minimum  level  of 
a given  item  that  must  be  on  hand  or  on  order,  or  a combination  of 
the  two,  in  order  to  provide  adequate  system  support  as  determined 
by  the  equipment  specialist  (6,8,11). 
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Figure  3-12.  Base  Reorder  Point  Causal-Loop 


The  Demand  Rate  variable  also  interacts  with  the  Variable 


Stockage  Objective  and  Unit  Price  in  the  Base  Economic  Order 
Quantity  causal-loop  (Figure  3-13) • As  the  Demand  Rate  in- 
creases, the  Base  Economic  Order  Quantity  also  increases  which 
indicates  a positive  effect.  The  Variable  Stockage  Objective, 
which  represents  the  number  of  days  items  should  be  stocked  to 
cover,  also  has  a positive  effect  on  the  Base  Economic  Order 
Quantity  (17 i 11-6).  The  Base  Economic  Order  Quantity  receives  a 
negative  effect  from  the  Unit  Price  because  as  the.  Unit  Price  in- 
creases the  Base  Economic  Order  Quantity  will  have  a corresponding 
decrease . 
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Figure  3-13 • Base  Economic  Order  Quantity  Causal-Loop 

Aside  from  the  Demand  Rate,  the  Base  Reorder  Point  also 
plays  an  important  role  in  the  Base  Inventory  Sector.  The  Base 
Reorder  Point  is  an  important  factor  in  the  Base  Procurement  Rate 
causal -loop,  and  the  actual  Base  Inventory  causal-loop  diagrams. 

The  Base  Procurement  Rate  receives  positive  inputs  from  the 
Base  Reorder  Point,  Base  Economic  Order  Quantity,  and  from  the  Honey 
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Available  for  Procurement  (Figure  3-1^) • As  any,  one  of  these  vari- 
ables increases  the  Base  Procurement  Rate  will  also  increase.  The 
point  should  be  made  that  while  a variable  for  Money  Available  for 
Procurement  was  included  in  the  Base  Procurement  Rate  it  was  done  so 
only  as  a matter  of  completeness.  The  Money  Available  for  Procure- 
ment variable  represents  an  exogenous  system  to  the  ISSL  develop- 
ment process  and  was  not  thoroughly  researched.  The  inventory 

Jr- 

specialists  interviewed  indicated  that  once  a requirement  for  addi- 
tional operating  and  maintenance  funds: were  made  known  to  the  Base 
Financial  Activity,  funds  were  made  available  to  purchase  the  re- 
quired items  (6,8,11). 
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Figure  3-1^  • Base  Procurement  Rate  Causal -Loop 


Also  depicted  in  Figure  3-1^  la  the  positive  effect  of  the 


Depot  Inventory  on  the  Base  Procurement  Rate  while  the  Base  Procure- 


ment Rate  has  a negative  impact  on  the  Depot  Inventory.  The  reason 


for  this  dichotomy  should  be  intuitive  in  that  as  the  Depot  Inventory 


has  the  required  items,  the  Base  is  able  to  procure  them  vhich,  in 
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turn,  reduces  the  Depot  Inventory.  Another  variable  which  has  a 
dual  impact  on  the  Base  Procurement  Rate  is  the  actual  Base  Inventory 
(Figure  3-15). 


Base  Reorder  Point 


Figure  3-15-  Base  Inventory  Causal -Loop 

As  the  actual  Base  Inventory  increases  the  Base  Procurement 
Rate  will  decrease;  conversely,  as  the  Base  Procurement  Rate 
increases  the  actual  Base  Inventory  will  also  increase.  Also  shown 
in  Figure  3-15  is  the  positive  effect  of  the  Base  Reorder  Point  on 
actual  Base  Inventory.  , This  indicates  that  as  the  Base  Reorder 
Point  goes  up,  the  actual  Base  Inventory  will  also  increase. 

Before  completing  a description  of  this  sector  a discussion 
of  how  the  Base  Inventory  Sector  is  interdependent  on  the  Consumption 
Sector  and  how  it  provides  a means  of  updating  other  Base  ISSLs  is 
warranted.  The  Parts  Use  Rate  Variable  connects  the  Base  Inventory 
Sector  directly  to  the  Consumption  Sector  as  will  be  discussed  later 
in  this  chapter,  and  indirectly  connects  the  Base  Inventory  Sector 
with  the  Worldwide  ISSL  through  the  Demand  Rate. 

As  indicated  in  Figure  3-15.  the  Base  Inventory  has  a positive 
impact  on  the  actual  Parts  Use  Rate  which  in  turn  has  a negative 


impact  on  the  actual  Base  Inventory.  This  means  that  as  the  actual 
Base  Inventory  increases  the  actual  Parts  Use  Rate  can  also  increase} 
on  the  other  hand  as  the  Parts  Use  Rate  increases  the  Base  Inventory 
decreases . 

Figure  3-16  shows  that  as  the  Parts  Use  Rate  goes  up  the 
Cumulative  Recurring  Demand  also  goes  up.  The  Cumulative  Recurring 
Demand  represents  the  accumulated  total  of  parts  used  over  a given 
period  of  time.  Also  shown  by  Figure  3-16  is  that  as  th6  Cumulative 
Recurring  Demand  increases  the  Demand  Rate  will  also  increase  due  to 
the  positive  impact  of  Cumulative  Recurring  Demand  on  the  established 
Demand  Rate, 
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Figure  3-16.  Demand  Rate  Causal-Loop 

If  the  Demand  Rate  changes  by  a significant  amount  the  Base 
ISSL  and  the  established  Base  Inventory  level  must  be  considered  In 
determining  if  a change  in  quantity  is  warranted.  However.  ”...  de- 
mand levels  will  be  changed  only  when  the  amount  of  change  equals  or 
exceeds  the  square  root  of  the  existing  level  ri?jll-4].M 
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Figure  3-17*  Depot  Inventory  Sector  Causal -loop 
Depot  Inventory  Sector 

The  Depot  Inventory  causal-loop  diagram  (Figure  3—17)  is 
interdependent  with  the  Base  Inventory  Sector  through  the  Base  Pro- 
curement Rate  as  discussed  in  the  Base  Inventory  Sector  description. 
As  was  the  case  with  the  Base  Inventory,  the  Depot  Inventory  has  a 
negative  effect  on  the  Depot  Procurement  Rate  which  in  turn  has  a 
positive  impact  on  Depot  Inventory.  As  in  the  similar  case,  this 
means  that  as  the  Depot  Inventory  goes  up  the  Depot  Procurement  Rate 
goes  down*  conversely,  as  the  Depot  Procurement  Rate  increases  the 
Depot  Inventory  also  increases. 

Figure  3-1?  also  shows  that  the  Depot  Procurement  Rate  is 
positively  correlated  to  the  Depot  Economic  Order  Quantity,  Depot 
Reorder  Point,  and  Money  Available  for  Procurement.  However,  since 
the  depot  inventory  system  is  exogenous  to  the  initial  surras  support 
list  (ISSL)  development  process  it  was  not  thoroughly  researched} 
research  was  conducted  only  to  the  extent  to  determine  the  effects 


of  the  Depot  Inventory  System  on  the  Base  inventory  system. 

Thus,  only  the  essential  variables  have  been  included. 

Consumption  Sector 

The  causal-loop  diagram  of  the  Consumption  Sector  is 
presented  as  Figure  3~18 • One  of  the  key  elements  of  this  sector 
is  the  Parts  Use  Rate.  The  Parts  Use  Rate  variable  represents  the 
withdrawal  of  spare/replacement  items  from  the  Base  inventory.  The 
rate  which  the  parts  are  removed  is  affected  by  the  number  of  Not 
Ready  End  Items,  the  Quantity  of  item  Installed  per  End  Item,  the 
Repair  Capability,  and  Other  Base  Requirements  for  the  items,  if  any 
exist.  Figure  3-19  shows  the  relationship  that  exists  between  these 
variables  and  the  Parts  Use  Rate. 
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Figure  3-19.  Parts  Use  Rate  Causal -Loop 

As  indicated  by  the  assigned  polarity  symbols,  each  of  the 
variables  have  a positive  Impact  or.  the  Parts  Use  Rate  such  that  as 
either  of  the  variables  increase  there  will  also  be  a corresponding 
increase  in  the  Parts  Use  Rate.  Note  also  that  the  End  Item  Repair 


Rate  has  a positive  impact  on  the  Parts  Use  Rate  which  in  turn  has 
a positive  impact  on  the  End  Item  Repair  Rate.  This  means  that  as 
either  the  End  Item  Repair  Rate  or  the  Parts  Use  Rate  increases 
there  will  be  an  increase  in  the  other  variable. 

The  End  Item  Repair  Rate  is  also  a factor  that  affects  the 
number  of  Ready  End  Items  on  the  Base  to  carry  out  the  assigned 
mission  (Figure  3-20).  As  the  End  Item  Repair  Rate  goes  up  the 
number  of  Ready  End  Items  will  also  increase.  Conversely,  it  is 
intuitive  that  as  the  Ready  End  Items  increase  the  End  Item  Repair 
Rate  will  go  down  because  there  are  fewer  Not  Ready  End  Items. 


Desired  Ready 
Rate 


Not  Ready 
End  Items 


Figure  3-20.  Ready  End  Items  Causal -Loop 

The  concept  of  fewer  Not  Ready  End  Items  is  also  illustrated  in 
Figure  3-20  by  the  negative  polarity  given  to  the  relationship  that 
exists  between  the  Ready  End  Items  and  Not  Ready  End  Items. 

Figure  3-20  also  shows  that  the  number  of  Ready  End  Items  is 
also  affected  by  the  Desired  Ready  Rate  and  the  Number  of  End  Items 
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on  Base.  Both  of  these  variables  have  a positive  affect  on  the  number 
of  Ready  End  Items.  The  Desired  Ready  Rate  is  affected  by  two  vari- 
ables (Figure  3-21). 


Command  Directives 


Desired  Ready  Rate 


Wing  Commander's  Desires 


Figure  3-21.  Desired  Ready  Rate  Causal -Loop 

Command  Directives  and  the  Wing  Commanders  Desires  have  a 
positive  impact  on  the  Desired  Ready  Rate.  As  either  one  goes  up 
the  Desired  Ready  Rate  will  also  increase.  Command  Directives 
represent  the  percentage  of  assigned  end  items  which  must  be  ready  to 
meet  the  assigned  Base  mission,  the  Command  Directives  are  often- 
times augmented  by  the  Wing  Commander  Desires  to  meet  unforeseen 
emergencies  or  contingency  operations. 

Ready  End  Items  is  affected  by  and  has  an  impact  on  the  End 
Item  Failure  Rate  (Figure  3-22).  The  number  of  Ready  End  Items  has 
a positive  relationship  with  End  Item  Failure  Rate  in  that  as  the 
number  of  Ready  End  items  increases  more  failures  are  expected. 

On  the  other  side  of  the  coin,  as  the  End  Item  Failure  Rate  goes  up 
the  number  of  Ready  End  Items  will  decrease.  The  relationship  that 
exists  between  the  Number  of  Failures  and  End  Item  Failure  Rate  is 
also  shown  in  Figure  3-22.  As  the  Number  of  Failures  increase  there 
is  also  an  increase  in  the  End  Item  Failure  Rate. 
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Figure  3-22.  End  Item  Failure  Rate  Causal-Loop 


The  final  variable  conceptualized  as  being  in  the  Consumption 
Sector  is  the  Number  of  Failures.  The  three  variables  that  interact 
and  affect  the  Number  of  Failures  are  shown  in  Figure  3-23*  All 
three  of  the  variables,  Mean  Time  Between  Failure,  Operating  Environ- 
ment, and  Mission  Profiles,  have  negative  affects  on  the  Number  of 
Failures.  This  means  that  as  the  Mean  Time  Between  Failure  increases, 
or  the  Operating  Environment  goes  up  in  terms  of  being  better  for 
end  item  operation,  or  the  Mission  Profile,  which  is  how  the  item 
is  used,  goes  up  or  improves  the  Number  of  Failures  will  decrease. 
Number  of  Failures  pertains  to  not  only  end  item  failure  but  to  com- 
ponent failure  which  takes  the  end  item  out  of  mission  ready  status. 


Mean  Time  Between 
Failure 


Number  of  Failures 


Operating  Environment 


■Mission  Profiles 


Figure  3-23.  Number  of  Failures  Causal -Loop 


The  four  sector  causal -loop  diagrams  can  be  combined  to  form 
a single  causal -loop  diagram  of  the  initial  spares  support  list  (ISSL) 


development  process,  and  the  interaction  of  the  component  variables 
would  not  change.  While  the  causal -loop  diagrams  are  useful  during 
the  conceptualization  of  a system  because  "...  they  help  identify 
and  organize  principal  components  and  fee'dbnck.  loops  of  the  system 
under  study  £4 ill].”  However,  flow  diagrams  are  essential  in 
".  . . model  construction  and  equation  writing  £4:113, " because  the 
causal-loop  diagrams  ”,  , . lack  the  precision  and  detail  of  the 
rate,  level,  and  auxiliary  elements  found  in  flow  diagrams  £4:  11]." 

The  causal -loop  diagrams  discussed  in  this  chapter  formed 
the  basis  upon  which  the  flow  diagrams  of  the  ISSL  development 
process  were  devised.  The  flow  diagrams  and.  the  mathematical 
equations  of  the  dynamic  X3SL  development  process  model  are  the 
subjects  of  the  next  chapter. 


Chapter  IV 


FLOW  DIAGRAMS  AND  DINAMO  EQUATIONS 


Introduction 

In  this  chapter  the  causal  loop  diagrams  that  were  presented 
in  Chapter  III  are  transformed  into  System  Dynamics  flow  diagrams  and 
DINAMO  equations.  Each  of  the  four  sectors  is  treated  as  an  indivi- 
dual unit  and  the  connections  between  the  sectors  axe  identified  where 
they  occur.  In  order  to  simplify  explanation  of  the  flow  diagrams, 
they  have  been  divided  into  small  sections.  These  sections  are  then 
presented  along  with  the  corresponding  DINAMO  equations.  The  discus- 
sion of  each  sector  begins  with  a central  level  or  auxiliary  variable. 
The  sector  is  then  decomposed  variable-by-variable  until  further  de- 
composition is  no  longer  possible}  i.e,,  the  discussion  reaches  a con- 
stant or  a variable  that  has  either  been  previously  discussed  or  that 
will  be  discussed  in  another  section. 

To  avoid  continuous  repetition,  three  concepts  that  appear  in 
many  of  the  model's  equation  are  explained  here.  The  first  is  the 
concept  of  an  adjustment  rate.  Chapter  II  briefly  addressed  this  con- 
cept In  the  discussion  of  the  rate  (decision)  symbol  and  the  rate 
equation.  An  adjustment  rate  controls  the  quantity  of  material  or 
information  in  its  associated  level.  It  may  be  thought  of  as  a valve 
that  opens  or  closes  to  determine  how  much  material  or  information 
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moves  into  or  out  of  the  level  and  at  what  speed  (rate) . 

The  adjustment  rates  are  generally  influenced  by  many  factors . 
These  adjustment  rate  factors  have  been  designed  to  determine  the 
magnitude  of  the  adjustment  rate  and  to  establish  the  timing  of  the 
rate}  i.e.,  at  what  points  in  time  the  "valve”  opens  or  closes. 

These  factors  have  been  called  various  names  throughout  the  system  in 
order  to  identify  their  function.  Some  examples  axe  the  Base  Fraction 
Ordered  factors  1 through  5»  the  Worldwide  ISSL  Adjustment  Rate  Factor, 
and  the  Adjustment  Timing  Factor.  These  factors  are,  in  turn,  a func- 
tion of  various  variables  that  are  identified  in  the  appropriate 
discussion. 

The  third  concept  is  that  of  Delta  Time  (DT).  This  variable 
appears  in  many  equations.  Its  purpose  is  to  make  the  model  insensi- 
tive to  the  computation  interval  of  the  simulation.  If  the  analyst 
wants  a "high  resolution”  simulation  that  will  indicate  the  minute 
variations  in  the  system,  he  may  set  the  computation  interval  equal 
to  a day  or  a fraction  of  a day; -if,  on  the  other  hand,  he  is  interes- 
ted only  in  the  general  behavior  of  the  system,  he  may  set  the  compu- 
tation Interval  equal  to  a week  (?  days),  a month  (30  days),  or  even 
a year  (365  days).  The  variable  DT  automatically  adjusts  the  various 
rate  and  auxiliary  equations  to  the  computation  interval  so  that  the 
model  correctly  simulates  the  operation  of  the  system. 

For  reference,  complete  sector  flew  diagrams  and  the  entire 
computer  program  listing  are  presented  in  the  appendices.  The  first 
sector  to  be  discussed  is  the  ISSL  Development  Sector. 
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ISSL  Development  Sector 

This  sector  describes  the  process  that  is  involved  in  the 
initial  development  of  the  ISSL.  The  process  has  been  divided 
into  two  parts:  the  development  of  the  Worldwide  ISSL  and  the 
development  of  the  Base  level  ISSL. 

The  Worldwide  ISSL  level  is  the  quantity  of  a given  item 


that  is  required  per  month  to  support  the  entire  weapon  system 
under  study  until  normal  demand  rates  can  be  established.  Figure  4-1 
illustrates  that  it  is  a function  of  the  Worldwide  ISSL  Adjustment 
Hate.  The  Worldwide  ISSL  Adjustment  Rate  is  the  sum  of  two  factors; 
the  Worldwide  ISSL  Adjustment  Rate  Factor  1 and  the  Worldwide  ISSL 
Adjustment  Rate  Factor  2. 
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Figure  4-1.  ISSL  Development  Sector  Diagram  1 


Figure  4-2  illustrates  that  the  Worldwide  ISSL  Adjustment  Rate 
Factor  1 is  a function  of  the  Worldwide  ISSL  Discrepancy  1,  the 
timing  factors  1 and  3i  and  Delta  Time.  This  set  of  factors  forces 
the  computer  program  to  compare  the  Worldwide  ISSL  level  to  the 
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Figure  4-2.  ISSL  Development  Sector  Diagram  2 


Initial  Worldwide  ISSL  until  the  point  in  time  established  by  the 
Worldwide  ISSL  Review  Time.  In  other  words,  they  force  the  Worldwide 
ISSL  level  to  equal  the  Initial  Worldwide  ISSL  until  the  Worldwide 
ISSL  Review  Time  is  reached,  Figure  4-2  also  illustrates  that  the 
Worldwide  ISSL  Discrepancy  1 is  simply  the  difference  between  the 
current  Worldwide  ISSL  level  and  the  Initial  Worldwide  ISSL. 

The  second  factor  that  controls  the  Worldwide  ISSL  Adjustment 
Rate  is  the  Worldwide  ISSL  Adjustment  Rate  Factor  2.  Figure  4-3 
illustrates  that  it  is  also  a function  of  four  factors i the  Worldwide 
ISSL  Discrepancy  2,  Timing  Factors  2 and  3.  and  Delta  Time. 
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Figure  4-3.  ISSL  Development  Sector  Diagram  3 
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These  factors  force  the  program  to  compare  the  Worldwide  ISSL  level 
to  the  Worldwide  ISSL  Discrepancy  2 at  the  point  in  time  that  is 
determined  by  the  Worldwide  ISSL  Review  Time.  At  that  time  the 
Worldwide  ISSL  level  is  revised  if  necessary.  Since  command  direc- 
tives require  that  ISSL  reviews  be  kept  to  a minimum , the  model  was 
designed  to  review  the  Worldwide  ISSL  only  once  during  each  simula- 
tion. 

The  Worldwide  ISSL  Discrepancy  2 is  the  difference  between 
the  Worldwide  ISSL  level  and  the  smoothed  worldwide  total  monthly 
demand  rate  for  the  item  under  study.  It  is  a function  of  four 
factors  as  illustrated  in  Figure  4- 4.  The  Smoothed  Monthly  Demand 
Rate  is  a function  of  the  actual  demand  rate  for  an  item  that- has 
been  established  through  experience  at  a single  base  for  the  weapon 
system  under  study  for  a period  of  time  that  is  determined  by  the 
Smoothing  Period.  The  Input  From  Other  Bases  is  estimated  from  the 
Smoothed  Monthly  Demand  Rate  and  the  Fraction  of  End  Items  at  the 
one  Base.  The  weapon  system's  total  monthly  demand  rate  is  calcu- 
lated and  then  multiplied  by  a noise  factor  to  simulate  reporting 
errors  (see  Chapter  I).  This  figure  is  then  compared  to  the  current 
Worldwide  ISSL  level  to  determine  the  Worldwide  ISSL  Discrepancy  2. 

The  Initial  Worldwide  ISSL  is  the  second  factor  that  is  used 
to  calculate  the  Worldwide  ISSL  Discrepancy  (see  Figure  4-2).  It 
is  the  original  AFLC  estimate  of  the  quantity  of  an  item  that  will 
be  required  to  support  the  weapon  system  during  its  activation 
period. 
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Figure  4-4.  ISSL  Development  Sector  Diagram  4 
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It  is  calculated  on  the  AFLC  Form  997,  EOQ  Initial  Provisioning  Work- 
sheet, using  the  equations  in  Chapter  2 of  AFLCR  57-27,  Initial  Re- 
quirements Determination.  The  data  used  in  the  calculations  are 
obtained  from  the  provisioning  documents  and  was  discussed  in  Chapter 
III.  Figure  4-5  illustrates  that  the  Initial  Worldwide  ISSL  is  the 
sum  of  the  Order  and  Ship  Time  Requirement,  and  the  Repair  Cycle 
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Figure  4-5.  ISSL  Development  Sector  Diagram  5 
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Requirement.  The  Order  and  Ship  Time  Requirement  is  the  product  of 
tnree  factors:  the  Base  Order  and  Ship  Time,  the  Peak  Total  Month 

Field  Issues,  and  the  Condemnation  Percent.  The  Base  Order  and  Ship 
Time  equals  the  Order  and  Ship  Time  divided  by  thirty. 
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Figure  4-6.  ISSL  Development  Sector  Diagram  6 


The  Repair  Cycle  Requirement  is  also  the  product  of  three  factors; 
the  Base  Repair  Cycle,  the  Peak  Total  Month  Field  Issues,  and  one 
minus  the  Condemnation  Percent, 

Figure  4-6  shows  that  the  Peak  Total  Month  Field  Issues  is 
a function  of  two  factors:  the  Peak  Total  Month  Depot  Overhaul 
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Iaciuas  and.  the  Peak  Total  Month  Demand  Rate  Issues.  The  Peak  Total 
Month  Depot  Overhaul  Issues  is  the  product  of  the  Depot  Replacement 
Percent,  the  Total  Quantity  Installed  per  End  Item,  and  the  Peak  Month 
Program.  The  Peak  Month  Demand  Rate  Issues  is  the  product  of  the 
Total  Demand  Rate  Maintenance  Factor,  the  Total  Quantity  Installed 
per  End  Item,  and  the  Peak  Month  Program, 

The  Base  level  ISSL  is  the  second  part  of  the  ISSL  development 
sector . It  is  the  quantity  of  an  item  that  is  required  at  base  level 
to  support  a weapon  system  until  normal  demand  rates  are  established. 
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Figure  4-7.  ISSL  Development  Sector  Diagram  ? 


I-  is  a function  of  the  Base  ISSL  Adjustment  Rate  as  shown  in  Figure 
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The  Base  ISSL  Adjustment  Rate  is  a function  of  the  Base  ISSL  Discre- 
pancy} i,e.,  the  difference  between  the  current  Base  ISSL  level  and 
the  updated  Base  ISSL.  The  three  factors  that  determine  the  value 
of  the  Base  ISSL  Discrepancy  (the  Worldwide  ISSL  level,  the  Base 
ISSL  level,  and  the  Fraction  of  End  Items  on  Base)  have  all  previously 
been  discussed  in  this  section. 

This  concludes  the  discussion  of  the  ISSL  development  sector. 
The  Base  Inventory  sector  is  discussed  next. 

Base  Inventory  Sector 

For  purposes  of  discussion,  the  Base  Inventory  Sector  has  been 
divided  into  two  subsectors j the  Inventory  Subsector  which  describes 
the  actual  movement  of  items  through  the  base,  and  the  Daily  Demand 
Rate  Adjustment  Subsector  which  is  concerned  with  the  flow  of  informa- 
tion about  the  movement  of  those  items  and  how  that  information  is 
used.  The  Inventory  Subsector  will  be  discussed  first. 

Inventory  Subsector.  The  central  variable  in  this  sector  is  the 
level  of  the  Base  Inventory.  This  level  is  the  quantity  of  the  item 
under  study  that  is  actually  in  stock  in  base  supply.  Figure  4-8 
illustrates  that  this  level  is  determined  by  the  Parts  Use  Rate  and 
the  Base  Procurement  Rate,  Parts  Use  Rate  is  a pari  of  the  Consump- 
tion Sector  and  will  be  discussed  later  in  this  chapter.  The  Base 
Procurement  Rate  is  a function  of  the  Base  Economic  Order  Quantity 
and  the  Base  Fraction  Ordered. 
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Figure  4-8.  Base  Inventory  Sector  Diagram  1 
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Figure  4-9,  Base  Inventory  Sector  Diagram  2 


As  illustrated  in  Figure  4-9,  the  Base  Economic  Older 

Quantity  is  a function  of  three  factors?  the  Unit  Price  of  the  item 

being  procured,  the  Variable  Stockage  Objective,  and  the  Daily  Demand 

Rate,  These  three  factors  are  combined  in  the  following  manner  to 

yeild  the  Economic  Order  Quantity;  EOQ  = 4.4  \(DDR)  (VSO)  (UP) . 

UP 

Both  the  Variable  Stockage  Objective  and  the  Unit  Price  are  constants 
that  are  peculiar  to  the  particular  item  under  study.  The  Daily 


Demand  Rate  will  be  discussed  later. 


The  Base  Fraction  Ordered  is  a combination  of  five  factors? 
Delta  Time  and  the  Base  Fraction  Ordered  factors  1,3,4,  &nd  5.  This 
is  illustrated  in  Figure  4-10.  Base  Fraction  Ordered  factors  1 and 
5 are  timing  factors  that  "order"  parts  from  the  Depot  whenever  the 
Base  Inventory  is  depleted  to  the  extent  that  it  reaches  the  Base 
Reorder  Point . 
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Figure  4-10,  Base  Inventory  Sector  Diagram  3 
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Figure  4-11  illustrates  that  factor  3 limits  the  quantity  of 

parts  that  are  "shipped"  to  the  base  to  the  number  of  parts  that  are 

available  from  the  Depot.  This  factor  prevents  the  Depot  Inventory 

from  going  negative  if  a situation  should  develop  in  which  an  order 

from  the.  Base  exceeds  the  current  Depot  Inventory.  Factor  4 is  a 

function  of  the  Gost  of  the  Economic  Order  Quantity  and  the  amount 

of  money  that  the  base  has  available  for  the  procurement  of  parts. 

•This  factor  prevents  the' base  from  ordering  more  parts  than  it  can 

pay  for.  The  Cost  of  the  Base  Economic  Order  Quantity  is  equal  to 

/ 

the  Base  Economic  Order  Quantity  times  the  Unit  Price  of  the  item 
being  procured. 
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Base  Inventory  Sector  Diagram  4 
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Figure  4-11. 


Figure  4-12  illustrates  that  the  Base  Reorder  Point  is  equal 
to  either  the  Base  ISSL  divided  by  three  or  the  Normal  Reorder  point, 
whichever  is  greater  (see  Chapter  III).  The  Base  ISSL  was  discussed 
in  the  ISSL  Development  Sector,  The  Normal  Reorder  Point  is  the  sum 
of  the  Order  and  Ship  Time  Quantity  and  the  Safety  Level  Quantity. 


4973A  KP.K=«AX<(BI$$LK/3>»NAP.K) 

5IMN0TE  R?  -BASE  REORDER  POINT 

5M5K0TE  BISSt  -BASE  INITIAL  SPARES  SUPPORT  LIST 

5f5f«0TE  MRP  'NORMAL  REORDER  POINT 

5I75A  NRP.Ksfl$T0.K*$l8.K 
51MN0TE  NRP  'NORMAL  REORDER  POINT 

5IKJWTE  OSTC  -ORDER  AND  SHIP  TINE  QUANTITI 

SI5M0TE  SLfl  -SAFETY  LEVa  QUANTITY 

317SA  OSTO.K-(DDR.KHOST) 

52HN0TE  OSTO  -ORDER  AKO  SHIP  TINE  QUANTITY 

5B5N0TE  DDR  -DAILY  DEMAND  RATE 

5Z3M0TE  OST  -ORDER  AND  SHIP  TINE 

5Z75A  SLQ.K*HAI ( (C)  (SORT!  (3)  (GSTQ.K)  I > , iD&JUO  (15) ) 
53NN0TE  SLQ  -SAFETY  LEVa  QUANTITY 

538N0TE  C -CONSTANT 

S^JOTE  OSTO  -ORDER  AND  SHIP  TINE  QUANTITY 

3375KQTE  DDR  -DAILY  DEMAND  RATE 


Figure  4-12,  Base  Inventory  Sector  Diagram  5 
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The  Order  and  Ship  Time  Quantity  equals  the  Order  and  Ship  Time 
multiplied  by  the  Daily  Demand  Rate.  The  Safety  Level  Quantity  is 
equal  to  either  C times  the  square  root  of  three  times  the  Order  and 
Ship  Time  Quantity  (C  V(3) (OSTQ)  ) , or  fifteen  times  the  Daily  Demand 
Rate,  whichever  is  greater.  C is  a constant  determined  by  Headquarters 
United  States  Air  Force  that  is  normally  equal  to  1.  The  Daily  Demand 
Rate  is  discussed  in  the  Daily  Demand  Rate  Adjustment  Subsector. 

Figure  4-13  ’ ilustrates  how  the  money  that  is  available  for 
the  procurement  of  ISSL  items  flows  through  the  base . As  was 
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Figure  4-13.  Base  Inventory  Sector  Diagram 
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discussed  in  Chapter  III,  this  money  is  generally  made  available 
to  the  base  supply  system  and  seldom  presents  anything  more  than  a 
temporary  problem.  For  this  reason,  the  model  was  constructed  to  en- 
sure that  the  base  always  has  adequate  funds  to  purcliase  ISSL  items. 
The  amount  of  Honey  Available  for  Procurement  is  a function  of  the 
Base  Appropriation  Rate  and  the  Base  Spending  Rate.  The  Base  Appro- 
priation Rate  was  made  eq.ual  to  the  Base  Spending  Rate.  The  Base 
Spending  Rate  equals  the  Base  Procurement  Rate  times  the  Unit  Price 
of  the  item  being  procured.  The  Base  Procurement  Rate  was  discussed 
earlier  in  this  section  and  ^he  Unit  Price  is  a constant  that  is 
peculiar  to  the  item  being  procured. 

This  concludes  the  discussion  of  the  Base  Inventory  Subsector. 
The  Daily  Demand  Rate  Adjustment  Subsector  will  be  discussed  next. 

Dally  Demand  Rate  Adjustment  Subsector.  The  variable  "Daily  Demand 
Rate”  is  the  periodically  updated  average  daily  demand  for  the  item 
under  study.  It  is  the  central  variable  of  this  subsector.  Figure 
4-14  illustrates  that  is.  is  controlled  by  the  Daily  Demand  Rate  Ad- 
justment Rate,  The  Daily  Demand  Rate  Adjustment  Rate  is,  in  turn, 
controlled  by  the  Daily  Demand  Rate  Adjustment  Factor. 
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Figure  4-14.  Base  Inventory  Sector  Diagram  ? 


Figure  4-15  identifies  the  five  factors  that  determine  the 
value  of  the  Daily  Demand  Rate  Adjustment  Factor.  They  are:  the 
Daily  Demand  Rate  Discrepancy,  Base  Fraction  Ordered  factors  1 and 
2,  Adjustment  Rate  Factor  1,  and  Delta  Time.  The  Daily  Demand  Rate 
Discrepancy  is  the  difference  between  the  Daily  Demand  Rate,  which 
is  an  information  level  that  is  updated  periodically,  and  the  New 
Daily  Demand  Rate  which  is  an  auxiliary  variable  that  is  updated 
continually  and  will  be  explained  later. 
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Figure  4-15.  Base  Inventory  Sector  Diagram  8 
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Base  Fraction  Ordered  factors  1 and  2 and  the  Adjustment  Rate 
Factor  1 are  timing  factors  that  permit  the  adjustment  of  the  Daily- 
Demand  Rate  only  at  specific  times  and  only  if  certain  conditions  are 
satisfied.  Base  Fraction  Ordered  factors  1 and  2 were  discussed  in 
the  Base  Inventory  Subsector.  They  are  used  here  to  limit  the  adjust- 
ment of  the  Daily  Demand  Rate  to  the  points  in  time  immediately  prior 
to  the  depot  filling  orders  for  parts  from  the  base. 

Adjustment  Rate  Factor  1 allows  adjustment  of  the  Daily 
Demand  Rate  only  if  the  magnitude  of  the  adjustment  meets  certain 
criteria  that  are  discussed  later  in  this  section.  Both  the  timing 
conditions  imposed  by  the  Base  Fraction  Ordered  factors  and  the 
magnitude  of  change  conditions  imposed  by  the  Adjustment  Rate  Factor 
must  be  satisfied  before  the  Daily  Demand  Rate  can  be  adjusted. 

If  the  base  places  an  order  for  parts  and  the  Dai3y  Demand 
Rate  is  adjusted,  the  Base  Economic  Order  Quantity  and  Reorder  Point 
are  immediately  revised  and  the  order  is  filled  based  on  the  revised 
Economic  Order  Quantity.  Subsequent  orders  are  filled  based  on  the 
revised  Reorder  Point  and  Economic  Order  Quantity, 

The  New  Daily  Demand  Rate  in  Figure  4-15  Is  an  average  Daily 
Demand  Rate  that  is  updated  daily.  It  is  equal  to  the  Cumulative  Re- 
curring Demand  over  a given  review  period  divided  by  the  length  of  the 
review  period  (REVP) , Figure  4-16  illustrates  the  variables  that  are 
required  to  make  the  program  properly  comute  and  update  the  New  Daily 
Demand  Rate. 
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Figure  9--16.  Base  Inventory  Sector  Diagram  9 
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The  Adjustment  Rate  Factor  1 is  the  final  variable  that  in- 
fluences the  Daily  Demand  Rate  Adjustment  Factor.  It  is  the  timing 
factor  that  determines  whether  or  not  the  Daily  Demand  Rate  (and  thus 
the  Base  Economic  Order  Quantity  and  Base  Reorder  Point)  is  updated 
when  the  base  places  an  order  for  parts.  Figure  4-17  shows  that  two 
variabl.es  act  to  determine  the  value  of  the  Adjustment  Rate  Factor 
1 i the  Established  Base  Inventory  Level  and  the  absolute  value  of 
the  difference  between  the  Economic  Order  Quantity  Demand  Level  and 
the  Established  Base  Inventory  Level.  If  the  difference  is  greater 

f 

I than  the  square  root  of  the  Established  Ease  Inventory  Level,  both  the 

i 

! Daily  Demand  Rate  and  the  Established.  Base  Inventory  Level  are  up- 

i dated j if  not,  uo  change  is  permitted  (see  Chapter  III).. 
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Figure  4-1?.  Base  Inventory  Sector  Diagram  10 


Figure  4-18  illustrates  that  the  Economic  Order  Quantity 
Uemand  Level  is  equal  to  the  sum  of  the  Economic  Order  Quantity  1 , 
the  Order  and  Ship  Time  Quantity  1 , and  the  Safety  Level  Quantity  1 . 
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Figxtre  4-18.  Base  Inventory  Sector  Diagram  11 
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These  three  factors  are  determined  in  the  same  manner  as  the  Economic 
Order  Quantity,  the  Order  and  Ship  Time  Quantity,  and  the  Safety 
Level  Quantity  that  were  previously  discussed  in  the  Inventory  Sub- 
sector, except  that  the  New  Daily  Demand  Rate,  not  the  Daily  Demand 
Rate,  is  used  in  the  calculation. 

The  Established  Base  Inventory  Level  is  the  second  factor 
that  is  used  to  calculate  the  discrepancy  in  Figure  4-1?.  It  serves 
as  a point  of  reference  for  determining  when  to  revise  the  Daily  Demand 
Rate.  Figure  4-19  illustrates  that  it  is  a function  of  the  Establish- 
ed Base  Inventory  Level  Adjustment  Rate.  The  adjustment  rate  is,  in 
turn,  a function  of  the  Adjustment  Rate  Factor  and  Delta  Time. 
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Figure  4-19.  Base  Inventory  Sector  Diagram  12 
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The  Adjustment  Rate  Factor  is  the  amount  of  the  change  to  be 
made  in  the  Established  Base  Inventory  Level  at  any  given  point  in 
time.  It  is  composed  of  the  three  elements  that  are  illustrated  in 
Figure  4-20.  The  Adjustment -Timing  Factor  is  the  product  of  Base 
Fraction  Ordered  factors  i and  2 and  permits  the  Established  Base 
inventory  Level  to  be  adjusted  only  when  the  base  submits  an  order 
for  parts  from  the  depot.  Adjustment  Rate  Factor  4 is  the  value 
that  the  Established  Base  Inventory  Level  "should  be"  at  a given 
point  in  time. 
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Base  Inventory  Sector  Diagram  13 
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Figure  4-21  illustrates  that  the  Adjustment  Rate  Factor  4 is 
a function  of  three  elements i the  Established  Base  Inventory  Level, 
the  Adjusted  Base  ISSL,  and  the  Adjustment  Rate  Factor  2.  The 
equation  selects  the  maximum  of  the  adjusted  currently  Established 
Base  Inventory  Level  or  the  Adjusted  Base  ISSL  as  the  desired  future 
Established  Base  Inventory  Level. 
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Figure  4-21.  Base  Inventory  Sector  Diagram  14 
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The  Adjusted  Base  ISSL  equals  the  Base  ISSL  (as  discussed  in 
the  ISSL  Development  Sector)  multiplied  by  the  Base  Adjustment  to  the 
Base  ISSL  and  the  Adjusted  Base  ISSL  Timing  Factor.  The  Base  Adjust- 
ment to  the  Base  ISSL  is  a modification  to  the  Base  ISSL  level  that 
is  jointly  determined  by  the  using  organization  and  its  parent  major 
command.  The  Adjusted  Base  ISSL  Timing  Factor  determines  the  point 
in  time  at  which  the  ISSL  requirement  is  levied  on  the  base.  It  also 
removes  the  ISSL  requirement  from  the  base  ?30  days  after  the  initial 
Operation  Capable  Date  of  the  weapon  system  at  that  base. 

The  Adjustment  Hate  Factor  2 in  Figure  4-21  is  the  numerical 
value  of  the  desired  change  in  the-  Established  Base  Inventory  Level . 
Figure  4-22  illustrates  that  it  is  composed  of  four  factors;  Adjust- 
ment Rate  Factors  1 and  5»  the  absolute  value  of  the  difference  be- 
tween the  Established  Base  Inventory  Level  and  the  Economic  Order* 
Quantity  Demand  Level,  and  the  maximum  permitted  change.  The  equa- 
tion compares  the  absolute  value  of  the  difference  between  the  Esta- 
blished Base  Inventory  Level  and  the  Economic  Order  Quantity  Demand 
level  with  the  maximum  allowable  change  in  the  Established  Base  In- 
ventory Level,  multiplies  this  by  the  Adjustment  Rate  Factor  5 to  ob- 
tain the  proper  algebraic  sign,  and  finals  &-Ct?OLes  the  change  by 
the  Adjustment  Rate  Factor  i to  obtain  the  proper  timing, 

The  Adjustment  Rate  Factor  5 establishes  the  proper  sign  of 
the  Adjustment  Rate  Factor  2.  It  is  a function  of  the  difference 
between  the  Economic  Order  Quantity  Demand  Level  and  the  Established 
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Figure  4-22,  Base  Inventory  Sector  Diagram  15 

Base  Inventory  Level,  If  the  demand  level  Is  greater  than  the 
established  inventory,  Adjustment  Rate  Factor  5 is  positive j if  the 
demand  level  is  less  than  the  established  inventory,  Adjustment  Rate 
Factor  5 is  negative.  The  absolute  value  of  the  difference  between 
the  Economic  Order  Quantity  demand  level  and  the  established  base 
level  is  the  mathematical  absolute  value  of  the  difference.  The 
maximum  allowable  change  for  the  Established  Base  Inventory  Level 
is  equal  to  the  square  root  of  the  level  at  that  point  in  time 
(see  Chapter  III). 
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This  concludes  the  discussion  of  the  Base  Inventory  Sector. 

The  Depot  Inventory  Sector  is  described  next. 

Depot  Inventory  Sector 

The  function  of  this  sector  is  to  briefly  describe  the 
process  of  acquiring  parts  and  providing  them  to  the  Base  Inventory 
Sector.  The  sector  did  not  have  to  be  thoroughly  developed  in  order 
to  accomplish  this  function  and  it  was  designed  to  satisfy  all  demands 
from  the  base. 

The  central  variable  in  the  sector  is  the  level  of  Depot 
Inventory.  Figure  4-23  illustrates  that  it  is  determined  entirely 
by  the  Base  Procurement  Rate  (which  was  described  in  the  Base  Inven- 
tory Sector)  and  the  Depot  Procurement  Rate.  The  Depot  Procurement 
Rate  is  a function  of  the  Depot  Economic  Order  Quantity  and  the  Depot 
Fraction  Ordered. 

Figure  4-24  illustrates  that  the  Depot  Economic  Order  Quantity 
is  a function  of  the  Base  Economic  Order  Quantity.  It  is  the  number 

of  items  that  the  depot  orders  each  time  it  places  an  order  for  the 

items  under  study.  It  was  set  to  equal  five  times  the  Base  Economic 
Order  Quantity  in  order  to  ensure  that  the  Depot  Inventory  Sector 

would  always  be  able  to  satisfy  requirements  imposed  by  the  base. 
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Figure  4-23.  Depot  Inventory  Sector  Diagram  1 


IHTtt  DE0Q.KM3I  (E00.K) 
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Figure  4-24.  Depot  Inventory  Sector  Diagram  2 
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The  Depot  Fraction  Ordered  is  the  second  factor  that  affects 
the  Depot  Procurement  Rata  in  Figure  4-23.  Figure  4-25  illustrates 
that  it  is  composed  of  three  factors:  Depot  Fraction  Ordered  factors 
1,2,  and  4.  Factors  1 and  2 are  timing  factors  that  "order"  parts 
for  the  Depot  Inventory  when  the  inventory  level  reaches  the  Depot 
Reorder  Point,  The  Depot  Reorder  Point,  like  the  Depot  Economic 
Order  Quantity,  was  set  to  equal  five  times  the  Base  Reorder  Point 
to  ensure  that  the  depot  sector  could  always  fill  the  demands  of  the 
base  sector. 


mm  BF0.K*(DF0i»K)  (DF02.KI IBFQ4.KI 
14I73N0IE  BFO  -SEPOT  FRACTION  ORDERED 

ItiffftOTE  UFO!  -DEPOT  FRACTION  ORDERED  1 

II8SNQTE  BFO*  -DEPOT  FRACTION  ORDERED  l 

ittftWTE  OF 04  -DEPOT  FRACTION  ORDERED  4 

14*754  DFOi.fc&!P(liU/OT)'DIKV.KtD8F.IO 
I4344N0TE  DF01  -DEPOT  FRACTION  ORDERED  1 

tra»0TE  OT  -DELTA  TINE 

I4334N0TE  DMV  -DEPOT  IKVENTORT 

II375N0TE  DRP  -DEPOT  REORDER  POINT 

114141 0F0*.K*aiP(4tl'DF0l  J'1.3) 

I44Z5N0TE  DfOZ  -DEPOT  FRACTION  ORDERED  l 

I4454N0TE  BF01  -DEPOT  FRICTION  ORDERED  I 

I4475A  0RP.K»(5I«P.W 
I4544N0TE  DRP  -DEPOT  REORDER  POINT 

U&5N0TE  RP  -BASE  REORDER  POINT 

Figure  4-25.  Depot  Inventory  Sector  Diagram  ) 
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Figure  4-26  illustrates  that  the  Depot  Fraction  Ordered, 
factor  4 is  a function  of  the  Cost  of  the  Depot  Economic  Order 
Quantity  and  the  amount  of  money  that  the  'depot  has  available 
for  the  procurement  of  spare  parts.  Factor  4 limits  the  size  of 
the  order  that  the  depot  places  with  its  vendors  to  the  amount  of 
money  that  it  has  available  to  spend.  An  implicit  assumption  of 
the  Depot  Fraction  Ordered  is  that  the  depot's  suppliers  can 
always  completely  fill  the  depot's  orders.  The  Cost  of  the  Depot 
Economic  Order  Quantity  is  equal  to  the  Depot  Economic  Order 
Quantity  times  the  Unit  Price  of  the  item  being  procured. 


\tm  om.K*aif>u,  mv.mm.i* . <oh«>.koeoq.w  .0) 

IK7W0TE  BfOl  -DEPOT  FRACTION  ORDERED  4 

wmxt  m -depot  hcmet  avaiu&e  for  potent 

liWaOTE  OEM  -COST  OF  DEPOT  ECONOMIC  (MR  WWITI  # 

ittSM  ckoq.k=idem.w<upi 

IW75N0TE  C0E08  -COST  OF  DEPOT  ECONOMIC  GROSS  (HJAXUTT 
iiTWWTE  KOfl  -DEPOT  ECONOMIC  CS6E8  QUANTITY 

II72SMTE  UP  -ifiJIT  PRICE  * 


Figure  4-26.  Depot  Inventory  Sector  Diagram  4 
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Figure  4-27  illustrates  the  flow  of  money  through  the  depot 
sector.  The  level  of  Depot  Money  Available  for  Procurement  is  a 
function  of  the  Depot  Appropriation  Rate  and  the  Depot  Spending  Rate. 
In  order  to  insure  that  the  depot  always  has  adequate  funds  to  pur- 
chase parts  so  that  it  can  meet  the  base's  demands,  the  Depot  Appro- 
priation Rate  is  set  to  equal  the  Depot  Spending  Rate.  The  Depot 
Spending  Rate  is  a function  of  the  Depot  Procurement  Rate  and  the 
Unit  Price  of  the  items  purchased. 


II75M.  DKAP.fcBNAP.MDTI  (BM-DSR.JN) 

linWE  m -DEPOT  KOKET  AVAILABLE  FOR  PROCUREMENT 

IKMNOTE  OT  -DELTA  TIME 


1I825K0TE  DAN  -DEPOT  APPROPRIATION  RATE 

II85INQTE  DSN  -DEPOT  SPENDING  RATE 

110753  OAft.NfcDSR.JX 


II99M0TE  OAR  -DEPOT  APPROPRIATION  RATE 

ifttSftOYE  0SR  -DEPOT  SPENDING  SATE 

II9MR  BSR.KL^QfROCN.JL')  (UP) 

IIW5N0TE  OSR  -DEPOT  SPENDING  RATE 

I1NMME  DPRQC8  -0EMT  PROCUREMENT  SATE 
Uf&MIE  UP  -UNIT  PRICE 


Figure  4-27.  Depot  Inventory  Sector  Diagram  5 


This  concludes  the  discussion  of  the  Depot  Inventory  Sector. 
Tho  next  section  discusses  the  consumption  of  parts  by  the  base. 
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Consumption  Sector 

This  sector  discusses  the  factors  that  influence  the  use  of 
spare  parts  hy  the  base  level  organization.  The  cumber  of  Ready  End 
Items  is  the  central  variable  in  this  sector.  Figure  4-28  illustrates 
that  the  number  of  Ready  End  Items  is  a function  of  the  End  Item  Re- 
pair Rat9  and  the  End  Item  Failure  Rate.  The  End  Item  Repair  Rate  is 
a function  of  the  Parts  Use  Rate  and  the  Quantity  of  Parts  per  End 
Item?  the  End  Item  Failure  Rate  is  a function  of  the  Number  of  Failures 
of  the  end  item  that  are  due  to  the  component  under  study.  The  next 
several  paragraphs  discuss  the  factors  that  determine  the  Parts  Use 
Rate. 


U375L  REl .KsREJ.JMDT) (EIRR.JK-EIFR.JK) 

U4IIN0TE  REl  -READY  END  ITERS 

U4Z5N0TE  DT  -DELTA  TIRE 

U455N0TE  EIRR  -END  ITER  REPAIR  RATE 

U475K0TE  EIFR  -END  ITER  FAILURE  RATE 

11S9SK  EIRR.KL=(PUSER.JK/QPEI) 

U525N0TE  EIRR  -END  ITER  REPAIR  RATE 

U5S9NDTE  PUSER  -PARTS  USE  RATE 

11575N0TE  flPEI  -QUANTITY  OF  PARTS  PER  END  ITER 

lUffR  EIFR.MF.K 

U6Z5N0TE  EIFR  -END  ITER  FAILURE  RATE 

IMSMOTE  NQF  -NUMBER  OF  FAILURES 


Figure  4-28.  Consumption  Sector  Diagram  1 
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Figure  4-29  illustrates  that  the  Parts  Use  Rate  is  a function 
of  four  factors i the  Quantity  of  Parts  per  End  Item,  the  Parts  Use 
Rate  generated  by  weapon  systems  at  the  base  otner  than  the  one  under 
study,  the  number  of  Not  Ready  End  Items  due  to  malfunction  of  the 
component  under  study,  and  the  Parts  Use  Rate  Factor, 


QPEI  OFUR 


U6758  PUSER.MREI.K1  (OPEI)  (PUSERF.Kl+OPUR 
WigHOTE  PUSER  -PARTS  USE  RATE 

117Z5K0TE  NREl  -HOT  READ?  END  ITEMS 

U73IN0TE  6PEI  -QUANTITY  OF  PARTS  PER  END  ITEM 

U775H0TE  PUSERF  -PARTS  USE  RATE  FACTOR 

URNNOTE  OPUR  -OTHER  PARTS  USE  RATE 

Figure  4-29.  Consumption  Sector  Diagram  2 


The  Quantity  of  Parts  per  End  Item  is  a constant  that  is  extracted 
from  the  weapon  system  provisioning  document.  It  is  the  quantity 
of  the  particular  part  under  study  that  is  used  each  time  an  end 
item  is  repaired.  The  Other  Parts  Use  Rate  requirement  is  the  total 
demand  for  the  item  at  the  base  by  all  other  weapon  systems  except 
the  one  that  requires  the  ISS1». 
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As  Illustrated  in  Figure  4-30,  the  number  of  Not  Ready  End 
Items  is  simply  the  difference  between  the  Number  of  End  Items  on 
the  Base  and  the  number  of  Ready  End  Items. 


HEXB 
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Figure  4-30.  Consumption  Sector  Diagram  3 

Figure  4-31  illustrates  that  the  Parts  Use  Rate  Factor  is 
a function  of  three  elements!  Parts  Use  Rate  Factors  1,2,  and  3. 
Paata  Use  Rate  Factor  1 limits  the  Parts  Use  Rate  at  the  base  to 
the  number  of  parts  that  are  available  in  the  base  inventory. 

Ports  Use  Rate  Factor  2 is  a table  function  that  relates  the  amount 
of  'emphasis  that  is  placed  by  the  base  on  the  repair  of  Not  Ready 
End  Items  to  the  number  of  Not  Ready  End  Items  and  the  Required 
Number  of  Ready  End  Items.  This  relationship  was  developed  intui- 
tively and  is  plotted  in  Figure  4-3 2.  It  states  that  as  the. actual 
number  of  Ready  End  Items  exceeds  the  required  number  of  Ready  End 
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Figure  4-31 


Consumption  Sector  Diagram  ^ 


Items,  there  is  less  pressure  at  the  base  to  repair  the  defective 
items.  Conversely,  it  states  that  as  the  number  of  defective  end 
items  approaches  or  becomes  less  than  the  required  number  of  end 
items,  there  is  an  increased  effort  placed  on  repairing  the  de- 
fective units.  Parts  Use  Rate  Factor  3 prevents  the  Parts  Use  Rate 
from  exceeding  the  Maintenance  Repair  Capability  of  the  organization 
(as  determined  by  unit  manning,  facilities,  tools,  etc.). 


-12  -10 


-4  -2 


Required  Number  of  Ready  End  Items  - Ready  End  Items 


Figure  4-32.  Parts  Use  Rate  Factor  2 Graph 


Figure  4-33  ill’istrates  that  the  Ready  End  Item  Discrepancy 
is  the  difference  between  the  Required  Number  of  Ready  End  Items  and 
the  actual  number  of  Ready  End  Items,  The  Required  Number  of  Ready 
End  Items  is  simply  the  number  of  end  items  at  the  base  multiplied 
by  the  Desired  Ready  Rate,  The  Desired  Ready  Rate  is  the  ready  rate 
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Figure  4-33*  Consumption  Sector  Diagram  5 


required  by  Command  Directives  as  modified  by  the  unit  commander's 


desires. 


This  completes  the  discussion  of  the  factors  that  influence 
the  End  Item  Repair  Hate  and  Farts  Use  Rate,  the  left-hand  side  of 
Figure  4-28.  The  next  several  paragraphs  discuss  the  End  Item 
Failure  Rate,  the  right-hand  side  of  Figure  4-28. 


It  was  already  stated  that  the  End  Item  Failure  Hate  is  a 
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the  component  under  study.  Figure  4-34  illustrates  that  the  Number 
of  Failures  is  a function  of  four  factors i the  number  of  Ready  End 
Items,  the  timing  factor,  the  End  Item  Failure  Parameter,  and  a noise 
factor. 
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Figure  4-34.  Consumption  Sector  Diagram  6 

The  timing  factor  is  a function  of  the  Initial  Operational 
Capable  Date  of  the  weapon  system  under  study.  It  prevents  the  model 
from  simulating  any  end  item  failures  before  that  date,  and  after  that 
date  it  permits  the  model  to  simulate  the  number  of  failures  that  are 
determined  by  the  other  three  factors. 
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The  End  Item  Failure  Parameter  is  a constant  that  is  depen- 
dent on  such  factors  as  weapon  system  operating  environment,  use 
rate,  and  mission  profile.  It  was  fully  discussed  in  Chapter  III. 

The  noise  factor  was  added  to  the  number  of  failure  aquation 
to  simulate  the  random  fluctuations  in  the  number  of  failures  that 
are  due  to  factors  that  are  not  considered  by  the  model. 

Tills  concludes  the  discussion  of  the  flow  diagrams  and 
DYNAMO  equations  that  were  developed  to  permit  computer  simulation 
of  the  ISSL  model.  The  chapter  consisted  of  a variable-by- variable 
discussion  of  all  four  sectors  of  the  model.  It  Identified  all  the 
variables  in  the  model  and  discussed  the  mathematical  relationships 
among  them.  Chapter  V addresses  the  validity  of  these  hypothesized 
relationships  and  the  parameters  that  were  used  to  run  the  model  on 
the  computer. 
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Chapter  V 
MODEL  VALIDATION 


Introduction 

In  his  book  Industrial  Dynamics  Jay  Forrester  stated  that 
model  validity  , , depends  on  how  well  it  [the  model]  serves  its 
purpose  [3*115]."  He  continued  to  say  that  a model  ”,  . , should 
be  judged  by  its  suitability  for  a particular  purpose.  A model  is 
sound  and  defendable  if  it  accomplishes  what  is  expected  of  it 
[3*115]."  Therefore,  the  model  which  was  constructed  is  valid 
if  it  fulfills  the  objectives  established  by  the  analysts  at  the 
beginning  of  the  research  effort. 

The  importance  of  establishing  objectives  in  model  develop- 
ment and  validation  were  stated  by  Forrester  when  he  said: 

. . . the  absolute  worth  of  a model  can  be  no  greater 
than  the  worth  of  its  objectives. 

The  value  of  the  objective  trancends  all  other  considera- 
tions in  determining  the  utility  of  a model  [3*116]. 

Therefore,  the  analyst  must  choose  an  objective  which  is  significant. 

In  order  to  choose  a significant  objective  the  analyst  must  have  a 

".  . . keen  perception  of  symptoms  [of  system  behavior]  and,  ability 

to  relate  them  to  the  probable  causes  [3*116],"  For  this  research 

effort,  the  objective  of  the  model  was  to  simulate  the  process 

involved  in  the  development  of  the  initial  spares  support  list  (ISSL). 
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Through  the  construction  of  a valid  model  which  satisfies  the 
research  objectives,  the  Air  Force  will  be  provided  with  a device 
to  be  used  in  reaching  a decision  concerning  initial  provisioning} 
i.e.,  ISSL  quantity  decisions. 

With  the  establishment  of  significant  and  meaningful 
objectives  the  effectiveness  of  the  model  must  be  established. 
Model  effectiveness  depends  "...  first  on  the  system  boundaries 
it  encompasses,  second  on  the  pertinence  of  selected  variables, 
and  last  on  the  numerical  values  of  the  parameters  [j3ill5-ii?"]*" 

In  determining  the  effectiveness  of  the  model,  confidence  is 
developed  in  the  model.  This  chapter  examines  the  dynamic  model 
of  the  ISSL  development  process  tc  determine  its  validity  in  terms 
of  the  boundaries  established  for  the  system,  the  interaction  of 
the  variables  identified  as  components  of  the  system,  and  finally 
the  results  obtained  from  the  values  assigned  as  the  model  para- 
meters , 

System  Boundaries 

Establishing  the  system  boundaries  is  the  "...  first  and 
most  important  question  about  detailed  model  design  . . 
which  must  be  answered.  The  selection  of  system  boundaries  is 
directly  related  to  the  objectives  that  are  established  by  the 
analyst  because  they  guide  the  study  of  the  system  in  question. 
Forrester  noted  the  importance  of  establishing  sound  system 
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objectives  and  boundaries  when  he  saldi 

. . . Suitable  boundaries  are  related  to  objectives. 

...  If  the  boundaries  range  unnecessarily  far,  the  model 
will  be  distracting  and  may  lead  to  such  confusion  that 
the  project  is  abandoned  (3*117]. 

Applying  these  principles  delineated  by  Forrester,  the  ISSL 

development  process  was  conceptualized  as  being  composed  of  four 

\ 

interdependent  sectors,  with  each  sector  consisting  of  several 
variables.  The  interactivity  of  the  variables  and  the  interdependence 
of  the  sectors  was  discussed  in  Chapter  III.  ' 

The  variables  within  a given  sector  aggregated  information 
and  resources  independent  of  the  activity  of  another  given  sector. 
Therefore,  each  sector  was  free  to  act  upon  the  information  and 
resources  based  upon  its  own  internal  decision  structure.  From 
this  independence  of  action  it  was  concluded  that  the  system 
boundaries  were  properly  conceptualized  and  established  correctly 

l 

for  the  model  of  the  ISSL  development  process.  Once  the  system 
boundaries  were  established  a check  had  to  be  performed  to  ensure 
that  all  pertinent  variables  and  their  proper  interrelationships 
were  included  as  part  of  the  model. 

i 

Pertinence  of  Selected  Variables 

After  establishing  the  boundaries  of  the  system  the  next 
step  was  to  Identify  the  variables  which  interact  within  these 
boundaries  to  form  the  model  of  the  system.  Forrester  pointed  out 
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the  significance  of  variable  identification  when  he  said 

The  second  most  important  question  of  model  design  is 
to  ask  if  the  model  contains  an  effective  choice  of  variables, 
properly  interconnected.  . . . Failure  to  include  the  proper 
system  variables  in  a model  can  destroy  the  utility  of  the 
model  as  a design  tool  03*118]. 

In  determining  and  establishing  the  variables  which  are  contained 
within  a system  the  "...  most  difficult  choices  will  be  in  the 
decision  functions  of  the  model  03*118],"  because  these  variables 
. exist  largely  within  the  information  networks  where  policies 
are  informal  [3*118]."  Hence,  the  model  was  constructed  from 
the  interacting  variables,  which  were  derived  from  the  current 
information  policies. 

For  the  most  part  the  current  policy  guidance  was  contained 
in  the  assorted  Department  of  Defense;  Headquarters,  Air  Force;  and 
Headquarters,  Air  Force  Logistics  Command  directives  and  regulations 
governing  the  actions  and  activities  which  comprise  the  initial 
spares  support  list  development  process.  Thus,  the  variables  which 
form  the  formal  portion  of  the  ISSL  development  process  were  some- 
what easily  discerned.  However,  in  order  for  the  model  to  accurately 
replicate  the  current  system's  structure  the  informal  policy  vari- 
ables had  to  be  included  as  well. 

The  iuformal  policy  variables  were  discerned  from  interviews 
with  specialists  responsible  for  the  computations  and  adjustments 
made  to  the  range  and  depth  of  support /replacement  items  included  on 
the  ISSL.  These  informal  policy  variables  were  combined  with  the 
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formal  policy  variables  and  together  they  made  up  the  causal -loop 
diagrams  discussed  in  chapter  III,  From  the  research  into  the 
formal  and  informal  policy  formulation  process  the  relationships 
that  exist  between  the  variables  in  each  sector  and  the  interde- 
pendence between  the  sectors  were  identified.  This  research  into 
the  variables  also  revealed  that  the  model  did  conform  to  the 
actions  and  activities  which  combine  to  form  the  initial  spares 
support  list  (ISSL)  development  process. 

With  the  system  boundaries  established  and  the  interacting 
variables  identified  the  next  action  was  to  test  the  interaction 
of  the  variables  to  verify  the  resonablenoss  of  the  model.  Prior 
to  testing  the  variable  Interaction  values  were  assigned  to  initiate 
model  activity. 

Parameter  Values 

Having  determined  that  the  system  boundaries  were  properly 
established  and  that  all  pertinent  variables  had  been  captured  by 
these  boundaries  it  was  time  to  perform  the  third  model  validity 
check,  which  was  to  assign  numerical  values  to  the  parameters  within 
which  the  model  will  operate.  The  assignment  of  these  parameter 
values  was  also  discussed  by  Forrester  when  he  said 

The  third  and  least  important  aspect  of  a model  to  be 
considered  in  judging  its  validity  concerns  the  values  for 
its  parameters.  . . They  may  be  chosen  anywhere  within  a 
plausible  range  D«119]. 


Forrester  considered  the  parameters  chosen  for  the  numerical  values 
of  the  variables  to  be  least  important  because  of  the  sensitivity 
of  the  variables.  Forrester  noted  that  a few  variables  will  be 
insensitive  to  the  values  assigned;  however,  a ",  . . few  sensi- 
tive parameters  will  be  identified  by  model  tests.  . . [3 *11 9]." 

Since  this  research  effort  was  directed  towards  the 
development  of  a model  of  initial  spares  support  for  new  items 
coming  into  the  Air  Force  inventory,  standard  values  were  assigned 
to  many  of  the  variables.  For  the  most  part  these  standard  values 
are  contained  within  the  governing  directives  and  regulations. 

These  standard  values  are  applicable  to  the  ISSL  Development  Sector 
and  are  used  in  conjunction  with  the  computation  parameters 
established  by  the  equipment  specialist  to  determine  the  initial 
spare/replacement  parts  quantity  level. 

The  other  parameters  that  have  an  impact  on  the  variables 
which  make  up  the  ISSL  development  process  are  those  established 
by  the  using  Major  Command.  The  using  command  establishes  the  number 
of  end  items  to  be  assigned  to  the  base  and  the  mission  profiles 
for  the  end  item  which  are  the  parameters  with  the  greatest  impact 
on  the  remaining  three  sectors  of  Base  Inventory,  Depot  Inventory, 
and  Consumption,  as  the  demand  levels  for  the  spare/replacoment 
parts  are  projected  based  on  anticipated  end  item  usage. 

With  the  three  phases  of  model  validity  established  by 
Forrester  satisfied,  the  remaining  task  was  to  reproduce  system 
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behavior  by  simulation.  The  production  of  system  behavior 
through  nuclei  simulation  is  the  subject  of  the  final  section  of 
this  chapter, 

Reproducing  System  Behavior 

The  true  test  of  how  well  the  analyst  designed  his  model 
to  represent  the  system  under  study  is  demonstrated  when  the  model 
is  utilized.  Once  again  it  was  Forrester  who  provided  the  insight 
into  the  importance  of  the  model  duplicating  the  system  when  he  said 
the  model 

. , . s'.  JLd  generate  time  patterns  of  behavior  that  do 
not  differ  in  any  significant  way  (judged  within  the  framework 
of  the  • bjectives  of  the  study)  from  the  real  system.  . . . the 
more  irvistinguishable  the  over-all  model  performance  is  from 
a typical  history  of  the  actual  system,  the  better  our  confidence 
in  the  model  is  apt  to  be  £3tll9]. 

Using  these  guidelines  il  was  assumed  that  the  value  of  the  ISSL 

development  process  modal  would  be  shown  in  the  model's  ability  to 

represent  the  behavior  of  the  real  system. 

In  order  to  verify  the  model 'u  ability  to  simulate  the 
performance  of  the  ISSL  development  process,  a hypothetical  situation 
was  created.  Input  values  were  developed  based  on  information  obtain- 
ed during  the  research  effort.  These  values  were  input  Into  the 
model,  and  the  model  was  run  on  the  computer.  The  results  of  the 
simulation  for  selected  variables  are  shown  in  the  following  figures. 

Figure  $-1  illustrates  the  model's  ability  to  generate  the 
Base  Inventory  level  pattern  that  is  consistent  with  the  Barts  Use 
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Figure  5-2  illustrates  the  model's  capability  to  simulate 
the  adjustment  of  the  Ssur.blished  Base  Inventory  Level.  The 
Established  Base  Inventory  Level  is  adjusted  when  orders  are  placed 
until  the  level  reaches  a value  that  is  in  equilibrium  with  the 
Parts  Use  Rate,  As  was  discussed  in  Chapters  III  and  IV,  adjustments 
can  be  made  to  the  Base  Inventory  level  only  if  the  magnitude  of  the 
adjustment  meets  certain  criteria  that  are  specified  in  Air  Force 
directives . 


Figure  5-3 « Simulation  Results  Graph  3 

Figure  5-3  illustrates  that  the  model  simulates  the  adjust- 
ments of  the  Worldwide  ISSL  level  at  the  Worldwide  ISSL  Review 
Time.  At  the  review  time  the  Worldwide  ISSL  level  is  adjusted,  if 
required,  to  make  It  consistent  with  actual  parts  consumption  data 
that  has  been  generated  by  using  organisations. 

During  the  course  of  research  into  the  validity  of  the 
model,  varying  lengths  of  simulation  and  different  parameter  values 
were  Input  Into  the  system.  In  all  cases  similar  results  were 
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obtained.  Thus  the  model  demonstrated  its  ability  to  stabilize  and 
adjust  quantity  levels  based  on  actual  demand  generated  from  actual 
parts  use  rate.  Therefore,  it  was  concluded  that  the  system  bound- 
aries were  properly  established,  the  pertinent  variables  had  been 
included  in  the  model  design,  and  the  numerical  values  assigned  as 
the  variable  parameters  were  accurate.  Since  all  three  validity 
factors  were  satisfied,  the  model  appears  to  be  valid  and  capable  of 
reproducing  expected  system  behavior. 

The  foregoing  served  to  verify  the  internal  validity  of  the 
model;  i.e.,  it  demonstrated  to  the  authors  that  the  model  simulates 
the  behavior  of  the  ISSL  development  process  as  they  conceptualized 
the  system  to  be.  Verification  of  the  external  validity  of  the 
model,  i.e,,  that  the  model  actually  simulates  the  behavior  of  the 
real-world  system,  requires  the  input  of  actual  historical  data. 

A summary  of  the  ressarch  effort,  recommendations  for  further 
study,  and  the  conclusions  that  were  drawn  from  the  research  project 
are  the  subjects  of  the  next  chapter. 
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Chapter  VI 

SUMMARY,  RECOMMENDATIONS,  AND  CONCLUSIONS 

Six  objectives  were  established  at  the  beginning  of  this 
project,  A summary  of  the  research  effort  is  presented  by  addressing 
how  well  each  of  the  objectives  was  accomplished.  The  summary  is 
followed  by  recommendations  for  further  study  and  the  conclusions 
that  were  reached  as  a result  of  the  study. 

Summary 

Dynamic  Interrelationships.  The  first  objective  of  this  research 
was  to  determine  pertinent  dynamic  interrelationships  that  comprise 
the  ISSL  development  process.  This  was  a three  step  process  that 
involved  setting  the  boundaries  of  the  system,  identifying  pertinent 
variables,  and  determining  the  relationships  among  them.  This  was 
successfully  accomplished  and  permitted  investigation  of  the  cause 
and  effect  relationships. 

Cause  and  Effect.  The  second  research  objective  was  to  trace  the 
cause  and  effect  of  the  relationships  among  the  variables  of  the 
system.  Causal  loop  analysis,  as  described  in  Chapters  II  and  III, 
was  used  to  logically  investigate  the  specific  nature  of  the  rela- 
tionships of  the  ISSL  development  process.  This  analysis  led  to  in- 
vestigation of  the  system’s  control  process. 


Control  Process  Formulation.  Description  of  how  decisions  resulted 
from  available  information  streams,  through  formulation  of  the 
control  process  of  the  system  was  the  third  research  objective. 

This  objective  was  accomplished  by  creating  the  sector  flow 
diagrams  that  were  presented  in  Chapter  IV.  The  flow  diagrams 
formally  identified  the  decision  points,  information  flows,  and 
resource  flows  within  the  ISSL  development  process.  Completion  of 
the  system  flow  diagrams  permitted  the  construction  of  a mathematical 
model  of  the  system. 

Construction  of  the  Mathematical  Model.  The  fourth  research  objective 
was  to  construct  a mathematical  model  of  the  ISSL  development  process . 
The  DYNAMO  simulation  language  was  used  as  the  framework  for  model 
construction.  The  model  was  completed  using  the  flow  diagrams  that 
were  presented  in  Chapter  IV  as  an  outline.  Parameters  were  extracted 
from  currently  available  data  sources  or  intuitively  developed.  Com- 
pletion of  the  mathematical  model  made  it  possible  to  simulate  the 
behavior  of  the  hypothetical  ISSL  development  process. 

Simulation  of  Behavior.  The  fifth  objective  of  the  research  was  to 
operate  the  model.  Each  operation  of  the  model  generated  one  simula- 
tion of  the  system.  Numerous  simulations  were  accomplished  and,  after 
each  simulation,  the  model  behavior  was  analyzed  to  determine  if  the 
expected  behavior  was  present.  If,  in  fact,  it  was  not,  the  model 
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was  analyzed  to  determine  the  cause  of  the  unexpected  behavior. 

Once  the  cause  was  discovered,  the  model  was  modified  and  the  simu- 
lation repeated.  This  iterative  process  led  to  internal  validation 
of  the  model. 

Validation  Testing.  The  final  objective  of  the  research  was  to 
test  the  validity  of  the  model  with  historical  data.  As  outlined 
in  Chapter  V,  validation  is  twofold:  internal  and  external.  The 
internal  validity  of  the  model  was  demonstrated  by  the  system 
behavior  patterns  that  the  model  generated  for  the  values  of  the 
parameters  that  were  used  during  numerous  simulations.  External 
validation  of  the  model  was  prevented  due  to  a lack  of  historical 
parts  consumption  data  and  the  inability  to  measure  the  human  factors 
that  influence  the  inputs  to  the  ISSX,  development  process.  Until 
this  information  is  developed,  full  model  validation  is  impossible. 
Partly  as  a result  of  this  inability  to  externally  validate  the 
model,  recommendations  for  further  study  have  been  formulated. 

Recommendations  for  Further  Study 

The  authors  feel  that  four  areas  need  further  research. 

First,  the  model  that  was  developed  in  the  project  needs  to  be 
externally  validated.  Real  world  data  needs  to  be  collected,  insert- 
ed into  the  model,  and  the  model  run  to  ensure  that  it  indeed 
accurately  simulates  the  behavior  of  the  ISSL  development  process. 
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During  the  course  of  the  research  project,  it  was  discovered 
that  ISSL  reviews  are  kept  to  an  absolute  minimum  and  that  the 
accuracy  of  the  actual  parts  consumption  data  that  is  available 
for  use  during  these  ISSL  review  meetings  is,  at  best,  questionable. 
The  second  recommendation  is  that  the  model  be  used  to  investigate 
the  effectiveness  of  various  ISSL  review  policies  and  to  determine 
the  sensitivity  of  the  system  to  the  inaccurate  data  that  is  used  in 
the  ISSL  review  process. 

Also  discovered  during  the  course  of  the  research  was  the 
fact  that  the  base  level  ISSL  is  prorated  from  the  worldwide  ISSL 
based  on  the  fraction  of  the  total  number  of  end  items  that  the 
base  receives  and  the  projected  end  item  use  rate.  No  consideration 
is  given  to  the  different  environmental  conditions  that  exist  at 
different  bases.  By  not  considering  the  end  item  operating  environ- 
ment, one  base  may  be  overstocked  with  an  item  whereas  another  base 
may  be  understocked.  This  leads  to  the  third  recommendation i the 
model  should  be  used  to  investigate  the  effects  of  eonsiderlng 
environmental  variables  on  the  effectiveness  of  the  base  level  ISSL, 

The  last  recommendation  follows  from  the  stock  level  im- 
balances that  were  just  described.  It  is  more  general  and  is 
beyond  the  scope  of  the  present  model.  The  authors  recommend  that 
other  ISSL  distribution  policies  be  investigated.  During  the  course 
of  the  research,  three  options  were  discussed  with  various  AFLC  offi- 
cials i contractor  provided  support,  regional  ISSLs,  and  centralized 
support . 
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Under  the  contractor  provided  support  option,  the  contractor 
would  provide  the  initial  support  for  an  end  item  for  a designated 
period  of  time.  Then,  based  on  actual  parts  consumption  data,  the 
stock  levels  required  for  system  support  would  be  determined.  By 
using  actual  data,  predicting  future  needs  for  support  becomes  more 
precise  and  funds  for  procurement  can  be  spent  more  effectively  and 
efficiently.  Also,  more  accurate  ISSLs  could  be  developed  that 
would  provide  better  support  to  base  level  units. 

The  regional  ISSL  concept  would  be  predicated  on  the  antici- 
pated operating  environment  in  the  area  that  the  weapon  system  is 
to  be  employed.  Under  this  concept  the  effect  of  different  environ- 
ments on  end  item  failure  rates  would  have  to  be  determined  and  the 
projected  support  requirements  for  each  environment  calculated. 

To  illustrate  this  point,  tests  might  show  that  more  failures  occur 
in  a hot,  humid  environment  than  in  a more  temperate  environment? 
thus,  more  parts  would  be  required  in  the  hot,  humid  region. 

Under  this  concept,  a larger  portion  of  the  worldwide  ISSL  would 
be  given  to  bases  in  the  hot,  humid  areas  than  in  the  temperate 
areas.  Prior  to  adopting  this  concept,  the  costs  of  conducting 
the  environmental,  tests  should  be  compared  to  the  anticipated 
benefits  of  the  concept?  however,  the  regional  concept  has  the  poten- 
tial of  providing  more  effective  and  efficient  ISSLs, 

The  centralized  support  concept  is  an  extention  of  the 
regional  ISSL  concept.  Under  this  concept,  a single  base  within  a 
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given  region  would  be  designated  as  the  central  supply  point  for 
system  support.  This  base  would  maintain  the  ISSL  inventory  for 
the  region  and  would  ship  items  to  customer  bases  on  an  as -required 
basis.  This  procedure  would  have  the  effect  of  smoothing  demand 
and  would  improve  efficiency  by  minimizing  the  problem  of  one  base 
being  "overstocked”  while  another  was  "understocked." 

Conclusions 

Two  conclusions  can  be  drawn  from  this  project.  First,  it 
is  possible  to  develop  a mathematical  model  that  simulates  the 
management  and  decision  structures  that  constitute  the  ISSL  develop- 
ment process.  If  this  model  is  validated  with  real  world  data,  it 
could  become  a very  useful  tool  for  improving  the  ISSL  development 
process . 

The  second  conclusion  is  that  the  present  ISSL  development 
process  is  not  efficiently  supporting  Air  Force  weapon  systems.  In 
many  cases  too  many,  too  few,  or  the  incorrect  spare  parts  are 
prooured.  This  results  in  either  needless  expenditure  of  funds  or 
unnecessary  equipment  down  time.  There  appear  to  be  two  reasons 
for  this  inefficiency, 

The  first  reason  is  that  AFLC  is  using  a piecemeal  approach 
for  providing  end  item  support.  While  all  parties  involved  seek  to 
provide  adequate  support,  there  is  no  one  person  who  oversees  the 
entire  process.  For  example,  all  of  the  inventory  management 
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specialists  that  were  interviewed  were  knowledgable  in  their  own 
individual  areas  and  had  a working  knowledge  of  an  Air  Logistics 
Center,  but  none  of  them  had  a complete  picture  of  ISSL  development. 

A second  reason  for  the  inefficiency  appears  to  be  an  over 
dependence  on  the  computer.  While  the  computer  does  provide  a 
valuable  service  in  management,  care  must  be  taken  to  make  sure 
that  the  managers  understand  and  maintain  control  over  their  system. 
The  analysts  discovered  two  cases  in  which  the  computer  is  ''control- 
ling” the  managers.  First,  AFLC  has  developed  a program  to  provide 
the  headquarters  with  information  about  parts  use  rates  so  that  ISSL 
levels  can  be  adjusted.  This  program  is  not  working  because  of  a 
computer  interface  problem  that  requires  manual  recoding  of  data. 
Because  the  managers  in  the  ALCs  do  not  have  the  time  to  recode  the 
data,  i.e.,  to  properly  "feed”  the  computer,  the  data  is  lost,  and 
the  program  thus  far  has  not  worked.  The  second  case  that  the 
analysts  discovered  was  in  the  local  base  supply  activity.  The 
managers  that  were  interviewed  there  relied  entirely  on  the  computer 
to  calculate  their  reorder  points  and  reorder  quantise } they  had  no 
idea  what  kind  of  calculations  the  computer  used  to  determine  the 
numbers  that  they  use  to  manage  their  system. 

If  a manager  is  to  make  his  organization  both  effective  and 
efficient,  he  must  be  able  to  control  it.  In  order  for  him  to 
control  his  organization,  he  must  be  aware  of  the  variables  that 
influence  the  behavior  of  his  system  and  he  must  understand  how 
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those  variables  interact  to  produce  the  behavior  of  the  system. 
Perhaps  the  greatest  value  of  the  model  that  was  developed  for 
this  project  is  that  it  can  provide  a means  to  gain  that  under- 
standing for  the  complex  set  of  interactions  that  make  up  the  ISSL 
development  process. 
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ISSL  DEVELOPMENT  SECTOR  FLOW  DIAGRAM  AND  VARIABLE  LIST 
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750  VARIABLE  LIST  FUR  THE  ISSL  DEVELOPMENT  SECTOR 
10#C 

1Z5C  ABISSL  ADJUSTED  BASE  ISSL 

1510  BIAR  BASE  ISSL  ADJUSTMENT  RATE 

1750  BISSL  BASE  ISSL 

im  BISSUJ  BASE  ISSL  DISCP.EPANCT 

2250  BRC  BASE  REPAIR  CYCLE 

m m BASE  ORDER  AND  SHIP  TIME 

2750  CP  CONDEMNATION  PERCENT 

3000  BFPRP  DEPOT  REPLACEMENT  PERCENT 

325C  DT  DELTA  TIME 

35IC  FEIB  FRACTION  OF  END  ITEMS  ON  BASE 

375C  IFOB  INPUT  FROM  OTHER  BASES 

4IBC  IH1SSL  INITIAL  WORLDWIDE  ISSL 

4250  NEIB  NUMBER  OF  END  ITEMS  ON  BASE 

450C  NEHDDR  KEN  DAILT  DEMAND  RATE 

475C  N0ISE2  NOISE  2 

5WC  OST  ORDER  AND  SHIP  TIME 

525C  OSTR  ORDER  AND  SHIP  TIME  REQUIREMENT 

558C  PMP  PEAK  MONTH  PROGRAM 

575C  PTMDOI  PEAK  TOTAL  MONTH  DEPOT  OVERHAUL  ISSUES 

tm  PTMBRI  PEAK  TOTAL  MONTH  DEMAND  RATE  ISSUES 

625C  PTMFI  PEAK  TOTAL  MONTH  FIELD  ISSUES 

&50C  OPEI  QUANTIT!  OF  PARTS  PER  END  ITEM 

675C  RCR  REPAIR  CTCIF  REQUIREMENT 

700C  RP  BASE  REORDER  POINT 

725C.  SHDR  SMOOTHED  MONTHLY  DEMAND  RATE 

758C  SP  SMOOTHING  PERIOD 

775C  TORMF  TOTAL  DEMAND  RATE  MAINTENANCE  FACTOR 

800C  TIME  TIME 

825C  TNEI  TOTAL  NUMBER  OF  END  ITEMS 

85fC  HEAR  UORLBHIUE  ISSL  ADJUSTMENT  RATE 

375C  NIARFl  WORLDWIDE  ISSL  ADJUSTMENT  RATE  FACTOR  1 

me  NIARF2  ilORLDUIDE  ISSL  ADJUSTMENT  RATE  FACTOR  2 

925C  NIDI  WORLDWIDE  ISSL  DISCREPANCY  1 

V50C  WID2  WORLDWIDE  ISSL  DISCREPANCY  2 

97SC  I) ISSL  WORLDWIDE  ISSL 

HIM  NTFI  WORLDWIDE  ISSL  TIMING  FACTOR  1 

1C25C  MTF2  WORLDWIDE  ISSL  TlIllNC  FACTOR  2 

105IC  WTF3  WORLDWIDE  ISSL  TIMING  FACTOR  3 

1I75C  WREVT  WORLDWIDE  ISSL  REVIEW  TIME 

line 
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SIC 

75C  VARIABLE  LIST  FOR  THE  BASE  INVENTOR?  SUBSECTOR 
IWC 

125C  BAR  BASE  APPROPRIATION  RATE 

150C  BFO  8ASE  FRACTION  ORDERED 

I75C  BFOl  BASE  FRACTION  ORDERED  1 

EMC  8F02  BASE  FRACTION  ORDERED  2 

225C  BF03  BASE  FRACTION  ORDERED  3 

2S0C  BF04  BASE  FRACTION  ORDERED  4 

275C  BFOS  BASE  FRACTION  ORDERED  5 

3ffC  BINV  BASE  INVENTORY 

325C  BISSL  BASE  ISSL 

35tfC  SNAP  BASE  NONE!  AVAILABLE  FOR  PROCUREMENT 
37oC  BPROCR  BASE  PROCUREMENT  RATE 

4I0C  BSR  BASE  SPENDINC  RATE 

425C  C CONSTANT 

45IC  CEOQ  COST  Of  BASE  ECONOMIC  ORDER  QUANTITY 

47SC  DDR  DAILY  DEMAND  RATE 

SMC  DDRAF  DAILY  DEMAND  RATE  ADJUSTMENT  FACTOR 

525C  DINV  DEPOT  INVENTORY 

SSfC  DT  DELTA  TIME 

575C  E09  BASE  ECONOMIC  ORDER  QUANTITY 

MIC  NRP  NORMAL  REORDER  POINT 

425C  OST  ORDER  AND  SHIP  TIME 

45IC  OSTQ  ORDER  AND  SHIP  TIME  QUANTITY 

475C  POSER  PASTS  USE  RATE 

7IIC  RP  BASE  REORDER  POINT 

725C  SLQ  SAFETY  LEVEL  QUANTITY 

75IC  UP  UNIT  PRICE 

775C  «SO  VARIABLE  ST0CKA6E  OBJECTIVE 

BMC 


! 

5 

i 

'i 


I 

;j 

N 

5 

<$ 

X 

I 


! 

i 

$ 

§ 

j 

§ 

! 

i: 

APPENDIX  C 

DAILY  DEMAND  RATE  ADJUSTMENT  SUBSECTOR  FLOW  DIAGRAM  AND  VARIABLE  LIST 


5ft 


75C  VARIABLE 

m 

LIST  FOR  THE  DAILY  DEHAND  RATE  ADJUSTMENT  SUBSECTOR 

I25C  ABISSL 

ADJUSTED  BASE  ISSL 

15K  ABTF 

ADJUSTED  BASE  ISSL  TIMING  FACTOR 

175C  ABTFST 

ABTF  STEP  TIME 

2*fC  ARF 

ADJUSTMENT  RATE  FACTOR 

225C  ARF1 

ADJUSTMENT  RATE  FACTOR  i 

25ft  ARF2 

ADJUSTMENT  RATE  FACTOR  2 

275C  ARf* 

ADJUSTMENT  RATE  FACTOR  4 

3f#C  ARF5 

ADJUSTMENT  RATE  FACTOR  5 

325C  ATF 

ADJUSTMENT  TIMING  FACTOR 

35ft  AVDISC 

ABSOLUTE  VALUE  OF  DISC 

375C  BAB 

BASE  ADJUSTMENT  TO  THE  BASE  ISSL 

41ft  BFOi 

BASE  FRACTION  ORDERED  1 

42SC  BF02 

BASE  FRACTION  ORDERED  2 

45fC  8ISSL 

BASE  ISSL 

475CC 

CONSTANT 

Sift  CRD 

CUMULATIVE  RECURRINC  DEMAND 

525C  CRD1 

CUMULATIVE  RECURRINC  DEMAND  1 

55ft  DDR 

DAILY  DEMAND  RATE 

575C  DDRAF 

DAILY  DEMAND  RATE  ADJUSTMENT  FACTOR 

4IIC  DDRAR 

DAILY  DEMAND  RATE  ADJUSTMENT  RATE 

425C  DDRO 

DAILY  DEMAND  RATE  DISCREPANCY 

45ft  DISC 

DISCREPANCY 

475CDT 

DELTA  TIME 

7flC  EBIL 

ESTABLISHED  BASE  INVENTORY  LEVEL 

725C  EBILAR 

EBIL  ADJUSTMENT  RATE 

750C  EOQ 

BASE  ECONOMIC  ORDER  QUANTJT" 

775C  EflQDL 

BASE  EDO  DEMAND  LEVEL 

81ft  £001 

BASE  ECONOMIC  ORDER  QUANTITY  l 

825C  IOCD 

INITIAL  OPERATION  CAPABLE  DATE 

85ft  HA1CHC 

MAIIMliM  CHANCE  ‘ 

875C  NBATS1 

HUMBER  OF  DAYS  ’ 

9HC  NDAYS2\ NUMBER  OF  DAYS  2 

925C  NEUDDR 

IP  DAILY  DEMAND  RATE 

95ft  0$T 

CftER  AMD  SHIP  TIME 

975C  OSTO 

ORDER  AIT  SHIP  TIME  QUANTITY 

lMft  OSTQI 

ORDER  AND  SHIP  TIME  QUANTITY  1 

1I25C  PUSER 

PARTS, USE  RATE 

U5K  REVP 

REVIEJ  PERIOD 

1975C  SLQ 

SAFE IT  LEVEL  QUANTITY 

UMC  SLQl 

SAFETY  LEVEL  QUANTITY  1 . 

U2SC  TIME 

TI'iE 

ltSBC  UP 

mi  PRICE 

1175C  VSO 
12IK 

VARIABLE  STOCTME  OBJECTIVE 

m5C»HtHHWWW>HrtHHHmt»mWWWHWMWWH«HWmMHW 
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APPENDIX  D 

DEPOT  INVENTORY  SECTOR  FLOW  DIAGRAM  AND  VARIABLE  LIST 
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50C 

75C  VARIABLE  LIST  FOR  THE  DEPOT  INVENTOR!  SECTOR 

lfiC 

12SC  BF03  BASE  FRACTION  ORDERED  3 

I50C  BPROCR  BASE  PROCUREMENT  RATE 

175C  CDEOO  COST  OF  DEPOT  ECONOHIC  ORDER  QUANTITY 

2MC  BAR  DEPOT  APPROPRIATION  RATE 

225C  DEOQ  DEPOT  ECONOMIC  ORDER  QUANTITY 

250C  DFO  DEPOT  FRACTION  ORDERED 

275C  DFOl  DEPOT  FRACTION  ORDERED  1 

3MC  DF02  DEPOT  FRACTION  ORDERED  2 

325C  DFO*  DEPOT  FRACTION  ORDERED  4 

350C  OINV  DEPOT  INVENTORY 

375C  DMAP  DEPOT  MONET  AVAILABLE  FOR  PROCUREMENT 

4IBC  DPROCR  DEPOT  PROCUREMENT  RATE 

4Z5C  ORP  DEPOT  REORDER  POINT 

45BC  DSR  DEPOT  SPENDING  RATE 

475C  OT  DELTA  TIME 

5I8C  E03  BASE  ECONOMIC  ORDER  QUANTITY 

52SC  RP  BASE  REORDER  POINT 

558C  UP  UNIT  PRICE 

575C 

iWCHHHHHWHHHHHHHHHHHHUtHtHHHmHtlHiHIHilWHHW 


58C 

75C  VARIABLE  LIST  FOR  THE  CONSUMPTION  SECTOR 
INC 

1Z5C  BINV  BASE  INVENTORY 

ISfC  CD  COMMAND  DIRECTIVES 

175C  CRD1  CUMULATIVE  RECURRING  DEMAND  t 

20SC  3RR  DESIRED  READY  RATE 

22SC  EIFP  . END  ITEM  FAILURE  PARAMETER 

250C  EIFR  END  ITEM  FAILURE  RATE 

275C  EYRR  END  ITEM  REPAIR  FlATE 

390C  IOCD  INITIAL  OPERATION  CAPABLE  DATE 

3Z5C  MRC  MAINTENANCE  REPAIR  CAPABILITY 

350C  NEIB  NUMBER  OF  END  ITEMS  ON  BASE 

375C  NOf  NUMBER  OF  FAILURES 

4F0C  NOFTF  NUK2ER  OF  FAILURES  TIMING  FACTOR 

425C  NOISE!  NOISE  1 

450C  NREI  NOT  REAP!  END  ITEMS 

475C  OPUR  OTHER  PARTS  USE  RATE 

500C  PURFl  PARTS  USE  RATE  FRACTION  l 

525C  (HJRF2  PARTS  USE  RATE  FRACTION  2 

55iC  PU8F3  PARTS  USE  RATE  FRACTION  3 

575C  PUSER  PARTS  USE  RATE 

400C  PUSERF  PARTS  USE  RATE  FRACTION 

425C  OPEI  QUANTITY  OF  PARTS  PER  END  ITEM 

450C  REI  READY  END  ITEMS 

675C  REID  READ!  END  ITEM  DISCREPANCY 

70IC  RNREI  REQUIRED  NUMBER  OF  READY  END  ITEMS 

725C  UCO  UING  COMMANDER’S  DESIRES 

75IC 
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25*  A DYNAMIC  MODEL  OF  THE  ISSL  DEVELOPNENT  PROCESS 

58K0TE 

75N0TE 

IMHOTE  ISSL  DEVELOPHENT  SECTOR 

125NSTE 

15IK0TE 

1751  8lSSL.Ks8ISSL.  JMBTI (HIAR.  JIG 

200N8TE  SI  SSL  -SlQRLDHiDE  ISSL 

225N0TE  BT  -DELTA  TIME 

250NOTE  HIAR  -MORUntUE  ISSL  ABJUSTHET  RATE 

275S  8IAR.KLSUIAHF1.K+HIARF2.K 

300NOTE  HIAR  -ilORLBUIDE  ISSL  AJV'STHENT  RATE 

325H0TE  HIARfi  -HQRUMIIOE  ISSL  ADJUSTMENT  RATE  FACTOR  1 

S50KOTE  VIARF2  -WORLDWIDE  ISSL  ADJUSTMENT  RATE  FACTOR  2 

375A  Mfl«FI.K«(WM.Kl (8TF1.KI  (8TF3.K)  (i/DT) 

4I0NOTE  BIARFi  -WORLDWIDE  ISSL  ADJUSTMENT  RATE  FACTOR  i 

425N0TE  MIDI  -WORLDWIDE  l$$t  DISCREET  i 

45SX0TE  RTF!  -8MIDE  ISM,  T1MIKC  FACTOR  t 

475HOTE  H7F3  -WORLDWIDE  ISSL  TIMING  FACTOR  3 

500N9TE  BT  -DELTA  TIRE 

525A  8ID1.K=IBI$SL.K-BIS$L.8 

550NOTE  MIDI  -WORLDWIDE  ISSL  DISCREPANT  1 

575N0TE  IWISSL  -INITIAL  WORLDWIDE  ISSL 

40INQTE  HISSL  -WORLDWIDE  ISSL 

425A  WTFt  .K=CLIP(#&i»TIF3E.K»WREVT) 

450N0TE  WTFi  -WORLDWIDE  ISSL  TIMING  FACTOR  1 

475NQTE  TINE  -TIKE 

700NOTE  WREVT  -WORLDWIDE  ISSL  REVIEW  TIKE 

725A  HTF2.K=CLIP(lj 1 tUTFi ,K»0»5) 

75SN0TE  WTF2  -WORLDWIDE  ISSL  TIMING  FACTOR  2 

775HOTE  WTFI  -WORLDWIDE  ISSL  TIMING  FACTOR  l 

800L  WT'F3.K=CLIP<0»1  »UTF2. JtS.SJ 
825N0TE  WTF3  -WORLDWIDE  ISSL  TIMING  FACTOR  3 

850NOTE  BTF2  -WORLDWIDE  ISSL  TIMING  FACTOR  2 

875A  WIARF2.K= (WID2.K) (BTF2.K- (BTF3.K) (l/DT) 

900NOTE  8IARF2  -WORLDWIDE  ISSL  ADJUSTMENT  RATE  FACTOR  2 

925N0TE  8102  -WORLDWIDE  ISSL  DISCREPANCY  2 

950N6TE  UTF2  -WORLDWIDE  ISSL  TIMING  FACTOR  2 

975N0TE  8TF3  -WORLDWIDE  ISSL  TIMING  FACTOR  3 

liffMOTE  DT  -DELTA  TINE 

1025A  8ID2.K=(IF0B.K+SNDR,K-8ISSL,K) (N0ISE2.K) 

1050NOTE  8ID2  -WORLDWIDE  ISSL  DISCREPANCY  2 

1I75N0TE  IFOB  -INPUT  FROM  OTHER  BASES 

1100NOTE  SKDR  -SMOOTHED  MONTHLY  DEMAND  RATE 

U25N0TE  8!  SSL  -WORLDWIDE  ISSL 

U50NOTE  N0ISE2  -NOISE  2 


1175ft  SHDR.K=(30)  ( SMOOTH { ftEHDHfl . K i SP ) ) 

I2DSNDTE  SHBR  -SHOOTHED  KONTHLT  DEHAND  RATE 

1225NQTE  NCiiDOR  -NES  DAILY  DEHAND  RATE 

I25IN0TE  -SMITHING  PERIOD 

1275ft  IF08.K=ISHDR.K/FEIB,K)-SHDR.K 
I3»TE  IFOB  -YNPBT  FRGH  OTHER  BASES 

1325NOTE  SH08  -SHOOTHED  HONTHLT  DEHAND  RATE 

1 mm\*  FEIB  -F8ACTI0K  OF  END  ITEMS  ON  BASE 

1375ft  FEI8.KSNEI8/TN£I 

14ISN0TE  FEIB  -FRACTION  OF  EN5  ITEMS  ON  BASE 

1425«OTS  NEIB  -NUHBER  OF  END  ITEMS  ON  BASE 

14IiN9TE  TNEI  -TOTAL  NUHBER  OF  END  ITEMS 

1473ft  N01SE2. K=NQRHRN ( l . f » 1. 2) 

ISfiNOTE  NOISEZ  -NOISE  2 

1525ft  IUISSL.K=OSTR,K+RCR.K 
155IN0TE  IUISSL  -INITIAL  UORLDNIDE  ISSL 

1575N0TE  OSTR  -ORDER  AND  SHIP  ,IHE  REQUIREMENT 

1MINOTE  RCR  -REPAIR  CYCLE  REQUIREHENT 

I625A  0$TR.K*'80ST .K) (PTHFI.K) (CP.K) 

1&50NOTE  OSTR  -ORDER  AND  SHIP  TIME  REQUIREMENT 

•BASE  ORDER  AND  SHIP  TINE 
-PEAK  TOTAL  HCNTH  FIELD  ISSUES 
-CONDEMNATION  PERCENT 
MONTHS 

-BASE  ORDER  AND  SHIP  TIKE 
•ORDER  AND  SHIP  TINE 
1825A  RCR.KalBRC.IO  (PTHFI .K> (1 .If-CP.K) 

185IN0TE  RCR  -REPAIR  CYCLE  REQUIREMENT 

1875N0TE  BSC  -BASE  REPAIR  CYCLE 

19IIN0TE  PTHFI  -PEAK  TOTAL  MONTH  FIELD  ISSUES 

1925NOTE  CP  •CONDEMNATION  PERCENT 

195IA  PTYff I .K=PTHDRI .K-PTHDOI .K 

1975N0TE  PTHFI  -PEAK  TOTAL  MONTH  FIELD  ISSUES 

2IIINQTE  PTHDRI  -PEAK  TOTAL  MONTH  DEMAND  RATE  ISSUES 

2I2SK0YE  PTHDOI  -PEAK  TOTAL  MONTH  DEPOT  OVERHAUL  ISSUES 

2ISM  PTHDOI  .K'IDEPRP.K)  (QPEIHPHP.KI 

2I75N0TE  PTHDOI  -PEAK  TOTAL  MONTH  DEPOT  OVERHAUL  ISSUES 

21MK0TE  SEPRP  -DEPOT  REPLACEMENT  PERCENT 

2125N0TE  BPEI  -QUANTITY  OF  PARTS  PER  END  ITEM 

2159H0TE  PHP  -PEAK  MONTH  PR0CRAN 

2t7$A  PTHDRI. KS(TDRHF.K)  (APED  IPHP.K) 

22IW0TE  PTHDRI  -PEAK  TOTAL  MONTH  DEMAND  RATE  ISSUES 
2225N0TE  TDRHF  -TOTAL  DEMAND  RATE  MAINTENANCE  FACTOR 
225M0TE  fiPEl  -flUANTITY  OF  PARTS  PER  END  ITEM 

2273N0TE  PHP  -PEAK  MONTH  PfiCGRAN 


1675N0TE  BUST 

17WN0TE  PTHFI 
1725N0TE  CP 

1751ft  80$T.Ka0ST/3l 
1775N0TE  BOST 

18IIN0TE  OST 


138 


r r i.«n  wwif 


---=■"  ir-«* 


23J3L  BI$SL.KsBIS$L. J+(DT) (BIAR^JK) 

23E3H0TE  BISSL  -MSI  ISSL 

235INOTS  fiT  -DELTA  TIME 

2375S0TE  BIAS  -EASE  I SSI  ADJUSTMENT  RATS 

Zm  BMR.KL*BISSU).K 

mmit  STAR  “BASS  ISSL  ADJUSTMENT  RATE 

2«TE  SISSLD  -BASS  ISSL  BISCREPANCT 

2475A  8ISStJJ.K*{»ISSL.KiIFEIB.KI-Bm.K 
25SSM0TE  BISS13  -BASE  ISSL  DISCREPANCY 

25IM5TE  UXSSL  *fMUOIBE  ISSL 

255SNSTE  FEIB  -FRACTION  OF  EHB  ITEMS  ON  BASE 

2575N3TE  CISSL  -BASE  ISSL 

zm  81SSL-SISSLI 
MOTE  8XSSL  -BASE  ISSL 

nmm  bissli  -base  issl  (initial) 

2A75C  HSSU'if 

27MNOTE  BISSLI  -BASE  ISSL  (INITIAL) 

27Z5C  HEIS-lil 

27SW0TE  NE1B  -NUMBER  OF  END  ITEMS  OS  BASE 
2775C  TNE1=5W 

28HWTE  TNEI  -TOTAL  NUMBER  OF  END  ITEMS 

29ft*  UISSL=UISSLI 

23SN90TE  UISSL  -MORLDHIDE-  ISSL 

2975N0TE  UISSLI  -HMDNIDE  ISSL  (INITIAL) 

29IK  UREVT-2M 

2925N0TE  UREVT  -SORUHIIDE  ISSL  REVIEW  TIME 

295IC  UISSLI=3I 

2973N0TE  UISSLX  -WORLDWIDE  ISSL  (INITIAL) 

3«#N  NTF3*l 

3I25N0TE  UTF3  -WORLDWIDE  ISSL  TIMING  FACTOR  3 

3I5IC  SP=9# 

3I75NOTE  $P  -SMOOTHING  PERIOD 

31HCQSM2  DATS 

31WN0TE  OST  -ORDER  AND  SHIP  TIME 

315SA  TD8MF.N*TBRMFI 

3I75NS7E  TDRMF  -TOTAL  DEMAND  RATE  MAINTENANCE  FACTOR 
SL'NItOTE  TORMFI  -TDRMF  (INITIAL) 

3225C  TDRMFhl.l 

32MN0TE  TORMFI  -TDRMF  (INITIAL) 

3275A  PKP.K*P«Pl 

33HNOTE  PMP  -FEAN  MONTH  mm 

332SN0TE  PMPJ  -PMP  (INITIAL) 

335IC  PMPI43 

3375HOTE  PMPI  -PMP  (INITIAL) 

SUM  DEPftP.fcDEPRPl 

3425N0TE  DEFRP  -DEPOT  REPLACEMENT  PERCENT 

34SSN0TE  OEPRPI  -DEPOT  REPLACEMENT  PERCENT  (INITIAL) 
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3475C  OEPRPI=0 
3508NOTE  DEPRPI 

3525A  CP.KSCPI 
3550HOTE  CP 

3575N0TE  CPI 

369IC  CPI=1.0 
3425NQTE  CPI 

3R5SA  BRC.K=ERCI 
3675M0TE  SRC 

37MN0TE  BflCI 

3725C  BRCI=f 

BRCI 


-DEPOT  REPLACEMENT  PERCENT  ( INITIAL) 

-CONDEMNATION  PERCENT 
-CONDEMNATION  PERCENT  (INITIAL) 

-CONDEMNATION  PERCENT  (INITIAL) 

-BASE  REPAIR  CYCLE 

-BASE  REPAIR  CYCLE  (INITIAL) ‘ 

-BASE  REPAIR  CYCLE  (INITIAL) 


BASE  INVENTOR!  SECTOR 
(INVENTORY  SUBSECTOR) 


3758N0TE 
3775N0TE 
3S99NOTE 
3825NOTE 
385IN0TE 
3875N0TE 
39MN0TE 

39ZSL  BUIV.IMHNV.  J+IDT)  (BPROCR.JK-PUSER.JX) 

395IHOTE  BINV  -BASE  INVENTORY 

3975N0TE  BPROCR  -BASE  PROCUREMENT  RATE 

4HIN0TE  POSER  -PARTS  USE  RATE 

4025R  BPROCR. KLS (EOQ.K) (BFO.K) 

4I58N0TE  BPROCR  -BASE  PROCUREMENT  RATE 

4I75N0TE  EOS  -BASE  ECONOMIC  ORDER  QUANTITY 

41IIN0TE  BFO  -BASE  FRACTION  ORDERED 

4 USA  E0Q.Ks( (4.4)  (SORT!  (DDR.K)  (VSO)  (UP) ) ) ) / (UP) 
41SIK0TE  EOQ  -BASE  ECONOMIC  ORDER  QUANTITY 
4I75N9TE  DDR  -DAILY  DEMAND  RATE 

42IIN0TE  VSO  -VARIABLE  STOCKACE  OBJECTIVE 

4225NOTE  UP  -UNIT  PRICE 

425IA  BFO.Ks(BFOl.K) (BFQS.K) (MIN(BF03,K»BF04.K)) (1/DT) 
4275N0TE  BFO  -BASE  FRACTION  ORDERED 

43HNQTE  BFOi  -BASE  FRACTION  ORDERED  1 

432SKOTE  BFQ5  -BASE  FRACTION  ORDERED  5 

435IN0TE  BF03  -BASE  FRACTION  ORDERED  3 

4375N0TE  BF04  -BASE  FRACTION  ORDEREO  4 

44IINOTE  OT  -DaTA  TIKE 

442SA  BF0t,KsCLIP(9tl»BINV.KrRP.K) 

44S9NOTE  BFOI  -BASF  FRACTION  ORDERED  1 

4475N0TE  BINV  -BASE  INVENTORY 

45IINGTE  RP  -BASE  REORDER  POINT 

45251  BF02.K»aiP(f»I»BF0I.J.«.5) 

45SIN0TE  BF02  -BASE  FRACTION  ORDERED  2 

457SNOTE  BFOI  -BASE  FRACTION  ORDERED  I 

460ft  8F05.K*ClJP(i»l»8E02.J»l.5) 

4625N0TE  BEOS  -BASE  FRACTION  ORDERED  5 

4454N0TE  BF02  -BASE  FRACTION  ORDERED  2 
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4875A  BF03.K=CLIP(1 » (OINV.K/EOQ.K)  > (DttlV.K-EOQ.K)  >0) 
47MN0TE  BF03  -BASE  FRACTION  ORDERED  3 

4725N0TE  QINV  -DEPOT  INVENTORY 

47S8N0TE  EOfe  -BASE  ECONOMIC  ORDER  QUANTITY 

4775A  8F04.K=CLIPUi  (BMAP.K/CEOQ.K) » (BMAP.K-CEOQ.Kh8) 
4888N07E  BFW  -BASE  FRACTION  ORDERED  4 

4825N0YE  BMAP  -BASE  MONET  AVAILABLE  FOR  PROCUREMENT 

485IN0TE  CEOS  -COST  OF  BASE  ECONOMIC  ORDER  QUANTITY 

4875A  CEOQ.K-(EOQ.K)IUP) 

49WN0TE  CEOS  -COST  OF  BASE  ECONOMIC  ORDER  QUANTITY 

4925N0TE  EOQ  -BASE  ECONOMIC  ORDER  QUANTITY 

4958N0TE  UP  -UNIT  PRICE 

4975A  RP.K=MMl(BIS$L.K/3)>NRP.K) 

SlffNOTE  RP  -BASE  REORDER  POINT 

5I25N0TE  BISSL  -BASE  INITIAL  SPARES  SUPPORT  LIST 

5I5IN0TE  NRP  -NORMAL  REORDER  POINT 

S875A  NRP.K=OSTQ,K+SLQ.K 
51MN0TE  NRP  -NORMAL  REORDER  POINT 

512SN0TE  OSTQ  -ORDER  AND  SHIP  TIME  QUANTITY 

5156N0TE  SLQ  -SAFETY  LEVEL  QUANTITY 

S175A  OSTQ.K=(DDR.K) (OST) 

52HN0TE  OSTQ  -ORDER  AND  SHIP  TIME  QUANTITY 

5225N0TE  DDR  -DAILY  DEMAND  RATE 

S2SIN0TE  OST  -ORDER  AND  SHIP  TIME 

5275A  SLQ.K=MA1  ( (0  (SORT ( (3)  (OSTQ.K) ) ) > (DDR.K)  (15) ) 
53MN0TE  SLQ  -SAFETY  LEVa  QUANTITY 

5325N0TE  C -CONSTANT 

535BN0TE  OSTQ  -ORDER  AND  SHIP  TIME  QUANTITY 

5375N0TE  DDR  -DAILY  DEMAND  RATE 

54IIL  BHAP.KaBMAP. J*IDT) (BAR.JK-BSR.JK) 

5425NOTE  BMAP  -BASE  HONEY  AVAILABLE  FOR  PROCUREMENT 

545IN0TE  3T  -DELTA  TIME 

5475N0TE  BAR  -BASE  APPROPRIATION  RATE 

KMNOTE  BSR  -BASE  SPENDING  RATE 

55Z5R  BAR.KL:BSR.UK 
555MQTE  EAR 

5575N0TE  BSR 


-BASS  APPROPRIATION  RATE 
-BASE  SPENDING  RATE 
54IIR  BSR.KL=IEPROCR.JK)(UP)  * 

5&2SN0TE  BSR  -BASE  SPENDING  RATE 
•BASE  PROCUREMENT  RATE 
•UNIT  PRICE 


545IH0TE  BPROCfi 

5S75N0TE  UP 

57IIN  BINV*IINVI 
5725N0TE  BiNV 

S7SIN0TE  BINVI 

5775C  BUW!=2II 
SBMkOTE  BINVI 


-BASE  INVENTORY 
•BASE  INVENTORY  (INITIAL) 

•BASE  INVENTORY  (INITIAL) 
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5825C  VSO-188 

5850NOTE 

VSO  -VARIABLE  STOCKAGE  OBJECTIVE 

5875C  C*l 

59MN0TE 

C -CONSTANT 

5925N  BF02-1 

5950NOTE 

BF02  -BASE  FRACTION  ORDERED  2 

5975M  BFO5*0 

&MINOTE 

8F05  -BASE  FRACTION  ORDERED  5 

4I25N  BflAP=B«API 

4C5IN0TE 

BHAP  -BASE  NONET  AVAILABLE  FOR  PROCUREMENT 

4I75NQTE 

8HAPI  -BASE  NONET  AVAILABLE  FOR  PROCUREMENT  (INITIAL) 

6190C  BNAPI--500 

4125N0TE 

BNAPI  -BASE  NONET  AVAILABLE  FOR  PROCUREMENT  (INITIAL) 

4150C  UP*. 5 

4175N0TE 

UP  -UNIT  PRICE 

42I0NOTE 

4225N0TE 

4250NOTE 

BASE  INVENTOR!  SECTOR 

4275N0TE 

(SAIL!  DEMAND  RATE  ADJUSTMENT  SUBSECTOR) 

4300NOTE 

4325M0TE 

43511  DDR.K*DOR.J+(OTHDORAR.JX) 

4375N0TE 

DDR  -DAILY  DEMAND  RATE 

4374N0TE 

OT  -DELTA  TINE 

4377N0TE 

DORAS  -DAILY  DEMAND  RATE  ADJUSTMENT  RATE 

44118  DDRAR.KL=DDRAF,K 

4425N0TE 

DDRAR  -SAIL!  DEMAND  RATE  ADJUSTMENT  RATE 

445IN0TE 

OBRAF  -OAIIT  DEMAND  RATE  ADJUSTMENT  FACTOR 

4475ft  ODRAF.K=(DDRD.K) (8F01.N) (BFQ2.K) (ARFi.K) f 1/DT) 

4500NOYE 

ODRAF  -DAILY  DEMAND  RATE  ADJUSTMENT  FACTOR 

45Z5N0TE 

OORD  -DAILY  DEMAND  RATE  DISCREPANCY 

455W0TE 

BF01  -BASE  FRACTION  ORDEREO  1 

4575NQTE 

BF02  -BASE  FRACTION  ORDERED  2 

4400NOTE 

ARF1  -ADJUSTMENT  RATE  FACTOR  l 

44Z5N0TE 

DT  -DELTA  TINE 

4451ft  DDftD . K*NEy DOR .K-DOR , K 

4475N0TE 

OORD  -DAILY  DEMAND  RATE  DISCREPANCY 

(7IM0TE 

mm  -KEN  DAILY  DEMAND  RATE 

4725N0TE 

DDR  -DAILY  DEMAND  RATE 

4751ft  NE«DDA.K*ai0.K/NI3AtS2.K 

4775N0TE 

CSVQtH  -HEU  DAILY  DEMAND  RATE 

48IM0TE 

CRD  -CUMULATIVE  RECURRING  DEMAND 

482SMQTE 

NDAYS2  -NUMBER  OF  DAYS  2 

4S50C  REVP145  DAYS 

4875N0TE 

SEVPI  -REVIEW  PERIOD  (INITIAL) 
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mm  i=i,r£vpi 

4925N0TE  ! -REVIEW  PERIOD  COUNTER 

695IN0TE  REVPI  -REVEIU  PERIOD  (INITIAL) 

4975A  CRD.K*SUN(CR01.K) 

4974N0TE  CRD  -CUMULATIVE  RECURRING  DEMAND 

7IIW0TE  CRDi  -CUMULATIVE  RECURRING  DEMAND  i 

7I25L  CADI.KU)=(PUSER.JK)  (DT1+CRD1.JU) 

7I56N0TE  CRDI  -CUMULATIVE  RECURRING  DEMAND  i 

7I75K0TE  PUSER  -PARTS  USE  RATE 

7UIN0TE  DT  -DELTA  TINE 

7125A  WDATS2.K-CLIP (NDATS1  .K»  1 iNDATSl .hi) 

715INOTE  NDATS2  -NUMBER  OF  DATS  2 

7175N0TE  NDATS1  -NUMBER  OF  DATS  1 

72IIA  NDATS1.K=CLIP(REVP.KiTIME.KiTIME.KiREVP.K) 

7225N0TE  NDATSi  -NUMBER  OF  DATS  1 

729MOTE  REVP  -REVIEW  PERIOD 

7275N0TE  TIME  -TIME 

73HA  ARF1  .K=CLIP  (1  ,t , (AVDISC.K-SQRT(EBIL.K) ) >i) 

7325N0TE  ARFi  -ADJUSTMENT  RATE  FACTOR  I 

735IN0TE  AVDISC  -ABSOLUTE  VALUE  OF  DISC 

7379WTE  EBIL  -ESTABLISHED  BASE  INVENTORY  LEVEL 

74MA  D1SC.K=E0QDL.K-EBIL.K 

7425N0TE  DISC  -DISCREPANCY 

745IN0TE  EOSDL  -BASE  EDO  DEMAND  LEVEL 

7475N0TE  EBIL  -ESTABLISHED  BASE  INVENTORY  LEVa 

7SIIA  AVDISC.K:NAI (DISC. Ki -DISC. K) 

7525NOTE  AVDISC  -ABSOLUTE  VALUE  OF  DISC 

755M0TE  DISC  -DISCREPANCY 

7575A  E0QDL.K=E0Ql .K+flSTQl .K+SLQ1 .K 
7MW0TE  EODOL  -BASE  EOQ  DEMAND  LEVa 

7&25NQTE  EMI  -BASE  ECONOMIC  ORDER  GUANTITY  1 

745W0TE  OSTOl  -ORDER  AND  SHIP  TINE  QUANTITY  1 

7A75N0TE  S191  -SAFETY  LEVa  QUANTITY  1 

77NA  EOOl .K=  ( (4. 4)  (SORT ( (NEUDDR.K)  ( VSO)  (UP) ) ) ) / (UP) 
7725NQTE  EOOl  -BASE  ECONOMIC  WIDER  QUANTITY  1 

775W0TE  NEUDDR  -NED  DAILY  DEMAND  RATE 

7775N0TE  VS3  -VARIABLE  STOCKACE  OBJECTIVE 

7BHN0TE  UP  -UNIT  PRICE 

7825A  OSTOl  ,K=0©iDBR,K)(QST) 

765IN0TE  OSTOl  -ORDER  AND  SHIP  TIKE  QUANTITY  1 

7875N0TE  VENDOR  -NEU  DAILT  DEMAND  RATE 

79HN0TE  OST  -ORDER  AND  SHIP  TINE 

7925A  SIQl .K=NAI ( (0 (SORT ( (3) (OSTOl ,K) » ) » (KEUDBR.K) ( IS) ) 
79SW0TE  SLQI  -SAFETY  LEVa  QUANTITY  t 

7973N0TE  C -CONSTANT 

SIHNOTE  OSTOl  -ORDER  AND  SHIP  TIKE  QUANTITY  t 

8I25M0TE  KEUDOS  -NED  DAILY  DEMAND  RATE 
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815ft.  EBIL.K=EBIL.J+IDT) (EBILAR.JK) 

8I75N0TE  EBIL  -ESTABLISHED  BASE  INVENTORY  LEVEL 
81I8N0TE  DT  -DELTA  TINE 

8125NOTE  EBILAR  -EBIL  ADJUSTMENT  RATE 

8I5IR  EBILAR, KL=(1/DT) (ARF.K) 

8I75N0TE  EBILAR  -EBIL  ADJUSTMENT  RATE 

82MNOTE  DT  -DELTA  TINE 

8225N0TE  ARF  -ADJUSTMENT  RATE  FACTOR 

825IA  ARF.X=(ARF4.K-EBIL.K) (ATF.KJ 


8275N0TE  ARF  -AOJUSLSNT  RATE  FACTOR 

83MN0TE  ARF4  * -ADJUSTMENT  RATE  FACTOR  4 
8325N0TE  EBIL  -ESTABLISHED  BASE  INVENTORY  LEVEL 

835INQTE  ATF  -ADJUSTMENT  TIMING  FACTOR 

8375A  ATF.K- (BF01 ,KJ (BF02.K) 

84MN0TE  ATF  -ADJUSTMENT  TIMING  FACTOR 

8425NOTE  . BFOl  -BASE  FRACTION  ORDERED  1 

845INQTE  BF02  -BASE  FRACTION  ORDERED  2 

8475A  ARF4.K=SNITCH( (ARF2.K+EBIL.K) t 
8511!  (MAX (ARF2,X+EBIL.Ki ABISSL.K) ) » ABISSL.K) 

8525N0TE  ARF4  -ADJUSTMENT  RATE  FACTOR  4 

8S50NOTE  ARF2  -ADJUSTMENT  RATE  FACTOR  2 

8575NOTE  EBIL  - -ESTABLISHED  BASE  INVENTORY  LEVEL 

8AIIN0TE  ABISSL  -ADJUSTED  BASE  ISSL 

8S25A  fJISSL.KMBAB)  (BISSL.X)  (ABTF.K) 

8S5IN0TE  ABISSL  -ADJUSTED  BASE  ISSL 

8&75N0TE  BAB  -BASE  ADJUSTMENT  TO  THE  BASE  ISSL 

867&N0TE  BISSl  -BASE  ISSL 

87IIN0TE  ABTF  -ADJUSTED  BASE  ISSL  TIMING  FACTOR 

8725A  ABTF.KsSTEPll » ABTFSH+STEP (-1 1 IQCD+731) 

8750NOTE  ABTF  -ADJUSTED  BASE  ISSL  TIMING  FACTOR 

8775NOTE  ABTFST  -ABTF  STEP  TINE 

S8IBN0TE  IOCD  -INITIAL  OPERATION  CAPABLE  DATE 

882SA  ARF2.XMNIN(AVDISC.KiNA!CH€.K))  (ARFi.K)  (ARFS.K) 
88SBN0TE  ARF2  -ADJUSTMENT  RATE  FACTOR  2 

8875NOTE  AVD1SC  -ABSOLUTE  VALUE  OF  DISC 

8VMN0TE  NAXCHC  -NAXINUN  CHANGE 

8925NOTE  ARF1  -ADJUSTMENT  RATE  FACTOR  1 

8WM0TE  ARF5  -ADJUSTMENT  RATE  FACTOR  5 

8975A  ARF5.K=CLIP(1  i-l f DISC. M) 

ViMNOTE  ARF5  -ADJUSTMENT  RATE  FACTOR  5 

9I25NOTE  DISC  -DISCREPANCY 

9I5M  HAICHG.KsSQRT(EBIL.K) 

9I75N0TE  KAICHC  -MAXIMUM  CHANCE 

VlifNOTE  EBIL  -ESTABLISHED  BASE  INVENTORY  LEVEL 

9125N  OMDDRl 

915HWTE  DDR  -DAILY  DEMAND  RATE 

9175NOTE  DM  -DAILY  DEMAND  RATE  (INITIAL) 
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92MC  DCRI=3 


9225N0TE 

DOR! 

-DAILY  DEMAND  RATE  (INITIAL) 

925IA  R£VP.K=REVPI 

9275NGTE 

REVP 

-REVIEH  PERIOD 

93MN0TE 

REVPI 

-REVIEH  PERIOD  (INITIAL) 

9325N  CRDKD-I 

935INQTE 

CR01 

-CUMULATIVE  RECURRING  DEMAND  1 

9375A  OUT.K=SttIFTL(CRBi.K»IMTVL) 

94MNCTE 

OUT 

-DISCRETE  OUTPUT  OF  CRDt  ARRAY 

9425N0TE 

CRD1 

•CUMULATIVE  RECURRING  DEMAND  1 

945IN0TE 

INTVL 

-CRD1  ARRAY  SHIFT  INTERVAL 

9475C  ABTFST*! 

93IINQTE 
9523C  BAB=1 

ABTFST 

-ABTF  STEP  TIME 

955W0TE 

BAB 

-BASE  ADJUSTMENT  TO  THE  BASE  ISSL 

9575C  INTVL*! 

94I0NOTE 

INTVL 

-INTERVAL 

9425N  EBIL=EBItI 

965IN0TE 

EBIL 

-ESTABLISHED  BASE  INVENTORY  LEVEL 

9675N0TE 

EBIL1 

-ESTABLISHED  BASE  INVENTORY  LEVEL  (INITIAL) 

9709C  EBILI=2M 

9725N0TE 

975SN0TE 

9775N0TE 

EBILI 

•ESTABLISHED  BASE  INVENTORY  LEVE  (INITIAL) 

9S8M0TE 

DEPOT  INVENTORY  SECTOR 

9825N0TE 

985IN0TE 

9075L  DINV.KSDINV.J+(DT)  IBPROCR  JK-BPROCR.JK) 

99HN0TE 

DINV 

-DEPOT  INVENTORY 

9925N0TE 

BPROCR 

-DEPOT  PROCUREMENT  RATE 

995W0TE 

BPROCR 

-BASE  PROCUREMENT  RATE 

9973ft  DPRCCR.KL-IDEQQ.K)  (OFO.K) 

IMMNOTE 

DPftOCR 

-DEPOT  PROCUREMENT  RATE 

1II25N0TE 

CEoa 

-DEPOT  ECONOMIC  ORDER  QUANTITY 

1M5W0TE 

DFO 

-DEPOT  FRACTION  ORDERED 

1N7SA  DECM=(5)(EM.K1 

IflffKOTE 

CEOfl 

•DEPOT  ECONONIC  ORDER  QUANTITY 

1I125N0TE 

eoo 

•BASE  ECONOMIC  ORDER  QUANTITY 

If  ISM  DfO.K*  (LfOi  ,K)  (Bf  02.KI  (DFQ4.K) 

1II7SWTE 

DFO 

-DEPOT  FRACTION  ORDERED 

tlifMOTE 

OFOl 

-DEPOT  FRACTION  ORDERED  I 

1I225N0TE 

GF02 

-DEPOT  FRACTION  ORDEREO  2 

1I25W0TE 

CF04 

•DEPOT  FRACTION  ORDERED  4 

1^5 


■'■-  x*.  a .■—'■••>•  ^ -V1-.. 


‘ . ~ '■  iv^/u ; .T-i2^4J 


1I275A  DFQl.K=CLIP(ii (1/DT) .DINV.KjBRP.K) 
lWfflNOTE  OFQi  -DEPOT  FRACTION  ORDERED  1 

U325N0TE  DT  -DELTA  TINE 

II35IN0TE  DINV  -DEPOT  INVENTORY 

1I375N0TE  ORP  -DEPOT  REORDER  POINT 

I0400L  DFQ2.K=CLIP(f»iiDFOt.J»«.5> 

1MZ5N0TE  DF02  -DEPOT  FRACTION  ORDERED  2 

1I45W0TE  DFOi  -DEPOT  FRACTION  ORDERED  1 

II475A  DRP,K=(5)(RP.K) 
li5ffN0TE  DRP  -DEPOT  REORDER  POINT 

18525N0TE  RP  -BASE  REORDER  POINT 


1855IA  DFO4.KsCLIP(t*(DNAP.K/CDEOQ.KM0HAP,K-COEQQ.K)»§) 
1I575N0TE  DF04  -DEPOT  FRACTION  ORDERED  4 

tfiffNOTE  DHAP  -DEPOT  NONET  AVAILABLE  FOR  PROCUREHENT 

H625NOTE  CDEOfl  -COST  OF  DEPOT  ECONOMIC  ORDER  QUANTITY 

1IA5IA  CD£OQ.K= (DEOQ.KI (UP> 

18675N0TE  CDEOfl  -COST  OF  DEPOT  ECONOMIC  ORDER  QUANTITY 

1I7IIN0TE  DEOfl  -DEPOT  ECONOMIC  ORDER  QUANTITY 

H725NQTE  UP  -UNIT  PRICE 

1I75IL  DNAP.K=ONAPJ+(D:)  (DAR.JK-DSR.JK) 


1I775N0TE  DNAP  -DEPOT  NONET  AVAILABLE  FOR  PROCUREMENT 
10800NOTE  DT  -DELTA  TINE 

1I825N0TE  DAR  -DEPOT  APPROPRIATION  RATE 

II85IN0TE  OSR  -DEPOT  SPENDING  RATE 

1M75R  DAR.KLsDSR.JK 

1I9IW0TE  DAR  -DEPOT  APPROPRIATION  RATE 

HttSNOTE  DSR  -DEPOT  SPENDING  RATE 

1I95IR  DSR.KLs(DPROCR.JK) (UP) 

II975N0TE  DSR  -DEPOT  SPENDINC  RATE 

i Iff (NOTE  DPROCR  -DEPOT  PROCUREMENT  RATE 

III2SN0TE  UP  -UNIT  PRICE 

UfSflN  DINV=  (5)  (BINVI) 

1 I07SNOTE  OINV  -DEPOT  INVENTORY 

lUMNOTE  BINVI  -BASE  INVENTOR!  (INITIAL) 

1H25N  Of 02=1 

tUSINOTE  DF02  -DEPOT  FRACTION  ORDERED  2 

11175N  BNAP*(5)  (MAPI) 

I12HN0TE  DNAP  -DEPOT  NONET  AVAILABLE  FOR  PROCUREHENT 

U225N0TE  BHAPI  -BASE  NONET  AVAILABLE  FOR  PROCUREMENT  (INITIAL) 
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11250NOTE 

U275N0TE 

U300NOTE  CONSUMPTION  SECTOR 

U325N0TE 

U350NOTE 

11375L  REI.KSRE1.J+(BT) (EIRR.JK-EIFR.JK) 


U400NQTE 

REI 

-REftOT  END  ITEMS 

U425NQTE 

DT 

-DELTA  TINE 

U450NOTE 

E1RR 

-END  ITEM  REPAIR  RATE 

I1475NOTE 

EIFR 

-END  ITEM  FAILURE  RATE 

HSilR  EIRR.KL=(PUSERJK/QPE!) 

11525N0TE 

EIRR 

-END  ITER  REPAIR  RATE 

U550NOTE 

PUSER 

-PARTS  USE  RATE 

11575NOTE 

OPEI 

-QUAMTITT  OF  PARTS  PER  END  ITER 

1US9R  EIFR.KL=NDF.K 

11&25N0TE 

EIFR 

-END  ITER  FAILURE  RATE 

US50NOTE 

NOF 

-NUMBER  OF  FAILURES 

11S75R  POSER. Kl=(NREI,K) (QPEI) tPOSERF.K)+CPUR 

117WNOTE 

POSER 

-PARTS  USE  RATE 

U725NOTE 

NRE1 

-NOT  READ!  END  ITEMS 

11750NOTE 

OPEI 

-OUANTITT  QF  PARTS  PER  END  ITEM 

11775N0TE 

PUSERF 

-PARTS  USE  RATE  FACTOR 

118IINOTE 

OPUR 

-OTHER  PARTS  USE  RATE 

11825ft  NRE1.K=NEIB-REI.K 

11850NOTE 

NREI 

-NOT  READY  END  ITEMS 

1 187SN0TE 

NEIB 

-NUMBER  OF  END  ITEMS  ON  BASE 

IHIWOTE 

REI 

-READT  END  ITEMS 

11925ft  PUSERF . K* CHIN IPURF l.K» PURF3 .K) ) (PURF2 .K) 

1195INOTE 

PUSERF 

-PARTS  USE  RATE  FRACTION 

11975NOTE 

PURFl 

-PARTS  USE  RATE  FRACTION  1 

12IWN0TE 

PURF3 

-PARTS  USE  RATE  FRACTION  3 

12I25N0TE 

PC!fvF2 

-PARTS  USE  RATE  FRACTION  2 

12151ft  PORF1  ,K=ClIPCli (BINV.K/ INREI .K) COPED  1 » CBINV.K- 

129751  (NREI.K)  (QPED)tO) 

UliiNOTE 

PURFl 

-PARTS  USE  RATE  FRACTION  1 

12125N0TE 

81NV 

-BASE  INVENTOR! 

1Z159N0TE 

NREI 

-NOT  READY  END  ITEMS 

12175N0TE 

OPEI 

-QUANTITY  OF  PARTS  PER  END  ITEM 

12219ft  PURF2,KsTABNLIPURF2T>REID.K»*10ilil) 

12225N0TE 

PURF2 

-PARTS  USE  RATE  FRACTION  2 

12259N0TE 

PURF2T 

-PARTS  USE  RATE  FRACTION  2 TABLE 

12275N0TE 

REID 

-READY  END  ITEM  OISCREPANCT 

12319ft  PURF3.K=CUPtl . (KRC/NRE1  ,K) . (KfiC*NREt,K) >9) 

12325N0TE 

PURF3 

-PASTS  USE  RATE  FRACTION  3 

12350NOTE 

HRC  • 

-MAINTENANCE  REPAIR  CAPABILITY 

12375M0TE 

NREI 

-NOT  READY  END  ITEMS 

14? 


I24I0A  REID.K-RNREI.K-REI.K 

12425N0TE  REID  -READ!  END  ITEM  DISCREPANCY 

1245IN0TE  RNREI  -REQUIRED  RUBBER  OF  READY  END  ITERS 

12475N0TE  REI  -READT  END  ITERS 

125MA  RNREI  .K=(DRR.K)(N£IBI 

12525N0TE  RNREI  -REQUIRED  NUMBER  OF  READT  END  ITEMS 

-DESIRED  READT  RATE 
•NUMBER  OF  END  ITEMS  ON  BASE 


12550NOTE  DRR 

12575NQTE  NEIB 

12400A  DRR.K=CD+NCD 
12625N0TE  DRR 

12450NOTE  CD 

12S75N0TE  liCD 


•DESIRED  READT  RATE 
-COMMAND  DIRECTIVES 
-BMC  COMMANDER’S  DESIRES 


1278IA  NOF.K=(REI.K) (EIFP) (NOISEl.K) (NOFTF.K) 

12725N0TE  NOF  -NUMBER  OF  FAILURES 

I275IN0TE  REI  -READT  END  ITEMS 

12775N0TE  EIFP  -END  ITEM  FAILURE  PARAMETER 

12800NOTE  NOISE1  -NOISE  1 

12825N0TE  NOFTF  -NUM8ER  OF  FAILURES  TIMING  FACTOR 

1285IA  NOFTF. fcSTEPU.IGCO) 

12875N0TE  NOFTF  -HUMBER  OF  FAILURES  TIMING  FACTOR 
12900NOTE  IQCD  -INITIAL  OPERATION  CAPABLE  DATE 

12925A  NOl$El.K=NORHRNU. 0.1.2) 

129S0NOTE  NOISES  -NOISE  1 

12975N  REI=R£II 


REI  -READT  END  ITEMS 

REII  -READT  END  ITEMS  (INITIAL) 

REII  -READT  END  ITEMS  (INITIAL) 

QPEI  -QUANTITY  OF  PARTS  PER  END  ITEM 


1300INOTE 
13025NOTE 
13IS8C  REII=98 
13I75N0TE 
13100C  QPEI=2 
13125N0TE 
1315K  OPUR=l 

1317SN0TE  OPUR  -OTHER  PARTS  USE  RATE 

132I0T  PURF2T9.3/.3/.35/.4/.5/.M/.8/.9/.98/1./1./1. 
I3225NOTE  PURF2T  -PARTS  USE  RATE  FRACTION  2 TABLE 
1325IC  IOCO*0 

1327SN0TE  IOCD  -INITIAL  OPERATION  CAPABLE  DATE 

(330SC  EIFP=.0(67  PER  DAT 


13325WTE 
I3350C  HACM 
1337SNOTE 
1340IC  CD3 .85 
13425N0TE  CO 

13450C  HCDs.05 
13475NOTE  UCO 


EIFP  -END  ITEM  FAILURE  PARAMETER 


SRC  -MAINTENANCE  RAPA1R  CAPABILITY 


-COMMAND  DIRECTIVES 
-KING  COMMANDER'S  DESIRES 


135MHQTE 
13525 MOTE 

13S59K0TE  CONTROL  CAROS 

13575H0TE 

134MNOTE 

13425PIQT  01H^I/DPR0CS=P/DRP=R/llEM=E/DF0t=t  '0FO2=2/0F04M/BF0=* 
1343W.QT  BIHVaI/BPROCR=>P/RP=R/EOO=E/BFOt=l  /2F02=2/BFO3=3/BFC4=4/ 
134752  BF05*5/SFO** 

137IIM.QT  DOR*D/CRD=C/HEHDOR=N/S71DR=S/NDAYSZ=2 
13725PL0T  E3ILSE/AHF1=1 /ARF2*27ARF4=4/ARF5*5/ARF=A/E()fi0l=«/ 

137512  D\3C=X/MAXCHG=M 

13775H.0T  BISSL=B/WISSL=U/UI flRF 1=1 /UI ARF2a2/HI AR=fi/ 

138MI  IUISSL=*/S«BR=S/HTF1=I/UTF2=T/HTF3=Z 
13825PWT 

138512  PU8F2=2/P8RF3=3/5v(JSERFsU 
13375SPEC  DT=t/LE7WTH*3i#yPLTPER=l 
139IIRUK 
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